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Abstract 
Exposures encountered in the workplace are a common contributor to adult asthma, 
accounting for an estimated 10% all new or recurrent disease.  Work-related asthma is 
potentially preventable and identification of occupational causes may lead to interventions 
to reduce its burden. Currently most information about the burden of asthma in the 
workplace is based on cross-sectional data or surveillance data and no British longitudinal 
population based studies have been carried out to look at this problem.   
 
This study aimed to identify the major occupations and occupational exposures that 
are associated with respiratory symptoms, asthma and other allergic disease in the British 
population.  This study also aimed to assess the advantages and disadvantages of using a job 
exposure matrix in exposure assessment for population based asthma research.   
 
This study made use of data from the 1958 Birth Cohort.  An occupational history 
from entry to the workforce at age 16 up to age 42 was created.  Blind to asthma status over 
80,000 jobs were checked and re-coded to the International Standard Classification of 
Occupations 1988 (ISCO-88) codes.  This information was merged with an asthma specific 
job exposure matrix and underwent an expert review of the exposure assignment and 
occupational coding.   
 
Several job categories and ASJEM exposures were associated with adult onset 
asthma by age 42.  This PhD confirms in a British population existing knowledge about 
occupations and occupational exposures associated with the development of asthma in 
working life.   In particular it shows consistent evidence of asthma development in those 
who have ever worked as a cleaner or have been exposed to Low Molecular Weight cleaning 
chemicals.   
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Chapter 1: Introduction 
Asthma is a common respiratory disease.  Its prevalence has risen over the last 50 years 
and it now affects around 13 to 16% of adults in the UK (National Centre for Social Research 
2010).  Deaths caused by asthma are rare but it is an important cause of morbidity and 
disability and can result in loss of employment and a decreased quality of life.  Asthma can 
be caused by a wide range of factors, but one of the few known preventable causes is 
exposure to substances in the workplace. 
Burden of asthma in the UK 
The prevalence of asthma varies widely across the world but the disease is common in 
the UK.   The most recent phase of the International Study of Asthma and Allergies 
in Childhood (ISAAC) found the UK had one of the highest prevalences of childhood asthma 
of the 97 countries investigated (Lai et al. 2009).  It estimated that 21% of 6 to 7 year olds 
and 24% of children aged 13 to 14 had symptoms suggestive of asthma.  
 
A study reviewed time trends in asthma using data from population surveys and routine 
statistics in the UK (Ross Anderson et al. 2007).  Over the last 50 years an increase in the 
prevalence of asthma was observed; this increase levelled off in the 1990s and disease 
incidence may now be falling.   This is corroborated in a study that used data from 422 
English primary care practices on 333,294 individuals with a recorded diagnosis of asthma.   
A fall in the incidence rate of diagnosed asthma between 2001-2005 in England was 
observed (Simpson et al. 2010).   
  
 
17 
Defining asthma 
An exact definition of asthma is difficult and the disease can often be more easily 
described by symptoms. Some have suggested that asthma is in fact a combination of 
different overlapping syndromes or phenotypes (Wenzel 2006), commonly characterised by 
variable airflow obstruction and bronchial hyper-responsiveness.  It is typified by wheezing 
and shortness of breath and is strongly associated with other allergic diseases.   
Clinical diagnosis of asthma 
In a clinical setting asthma is often diagnosed through a consideration of clinical 
history (which includes symptoms) and objective measurements, including lung function 
measurements (Forced Expiratory Volume in 1 second (FEV1), Forced Vital Capacity (FVC) 
and peak flow) and airway responsiveness to inhaled challenges such as methacholine or 
histamine.  All, or some of these measures, can be used by physicians in the diagnosis of 
asthma.  Some, such as information on symptoms, spirometry and serial peak flow may be 
suitable for use in large scale epidemiological studies.   
Epidemiological definitions of asthma 
The lack of a gold standard for asthma diagnosis in epidemiological research means no 
single measurement can unambiguously identify the disease.  Epidemiological studies 
frequently make use of questionnaire data which is often self-reporting of disease and 
symptoms, frequently retrospectively.  Some studies make use of objective measurements 
(e.g. airway hyper-responsiveness, measurements of atopy and spirometry) but this can be 
expensive and difficult for large scale projects.  Routine data can be used from GP records, 
hospital admissions or death certificates. 
 
With a disease as difficult to define as asthma the true prevalence may be difficult to 
discern and much depends on which asthma definition is used.  A study by Van Wonderen et 
al (2010) reviewed different definitions used to diagnose childhood asthma in published 
cohort studies.  Sixty different definitions were used in 122 papers and the prevalence 
estimates varied widely between 15.1% and 51.1%.  It is likely that questionnaire data 
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recording symptoms of wheeze or breathlessness are detecting not only asthma but also a 
range of other respiratory diseases.   In either a clinical or epidemiological setting defining 
the potential cause of asthma may aid in diagnosis.   
 
Phenotypes of Asthma 
The term “asthma” encapsulates a wide range of differing phenotypes.  Asthma can 
be considered to be either immunologic or non-immunologic.  The former is also known as 
allergic/atopic or extrinsic asthma.  With this type of asthma the disease is associated with 
the production of Immunoglobulin E (IgE), a class of antibody that is capable of transferring 
sensitivity to allergens (Gould et al. 2008).  Patients with immunologic asthma often have 
other allergic diseases such as eczema and rhinitis and their asthma becomes aggravated by 
allergens.  It is characterised by raised total and allergen specific IgE antibodies and positive 
skin tests to common aeroallergens, and by airway hyper-responsiveness (Humbert et al. 
1999).   
 
People with non-immunologic asthma, also known as non atopic asthma or intrinsic 
asthma, usually do not have other allergic disease and their asthma is usually not 
aggravated by allergic triggers.  Intrinsic asthmatics show negative skin tests and there is 
usually no clinical or family history of allergy.  Total IgE concentrations are normal and there 
is no evidence of specific IgE antibodies against common allergens (Humbert et al 1999).  
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Natural history of asthma  
Many adults with asthma will have developed the disease in childhood.  Asthma in 
infants often begins as wheezing during respiratory infections.  This form of asthma may not 
persist as the child grows older and their airways increase in size (transient wheeze).  
However, if the asthma is frequent or severe it may continue into adult life (persistent 
wheeze).   Associations between atopy and childhood asthma are well recognised and the 
presence of allergic disease (hay fever/eczema) or positive skin prick tests in childhood have 
been shown to increase the risk of persistent/severe asthma in adult life (Reed 2006).  
 
The likelihood of reactivation of childhood asthma later in life is closely related to the 
severity of the childhood asthma and the exposures encountered as an adult.  An editorial 
by Guerra in 2005 reviewed evidence from several longitudinal studies, including the 1958 
birth cohort (Strachan et al. 1996) and the Melbourne Epidemiological Study of Childhood 
Asthma (Horak et al. 2003).  The conclusion was that nearly all children with moderate to 
severe forms of asthma will experience clinically active disease at some time in their adult 
life (Guerra 2005).    
New-onset adult asthma  
Whereas the association between asthma and atopy in children is well recognised, in 
adults the picture is less clear, and the attributable fraction of asthma to atopy varies.  Many 
studies have identified a substantial proportion of adult onset asthma occurring in people 
without atopy.  Others have suggested that nearly all adult onset asthma is attributable to 
atopy.  A 1989 study looked at the self-reported prevalence of asthma in 2657 subjects from 
a general-population study in the US.  This was compared with the subjects’ serum IgE levels 
and skin-test reactivity to allergen prevalence.   The prevalence of asthma was closely 
related to the serum IgE level and the authors concluded that asthma was almost always 
associated with an IgE-related reaction and had an allergic basis (Burrows 1989). 
 
 More recent studies have found that many new onset asthma cases are non-atopic and 
that subjects do not have a family history of asthma (Bel 2004)  .  A longitudinal analysis 
conducted as part of the European Community Respiratory Health Survey (ECRHS) observed 
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179 cases of new-onset asthma in 4588 participants over a ten year period.   They concluded 
that only 12% to 21% of these new asthma cases were due to atopy (Antó et al. 2010).   
 
A review of the published literature (Pearce et al. 1999) concluded that the proportion 
of asthma cases that are attributable to atopy is less than half.  Whichever proportion is 
accurate the presence of atopy is still generally considered a major risk factor for the 
development of adult asthma.   
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Asthma and work 
Ramazzini, an Italian physician in the 1700s, was one of the first to recognise the 
links between certain occupations and illnesses such as “asthmatic troubles”(Ramazzini 
1713).  Occupational exposures are now recognised as an important cause of adult onset 
asthma.    In the clinical setting asthma related to work is often split into two categories; the 
first, known as “occupational asthma”, is the induction of disease in otherwise healthy 
individuals (Boyd et al. 2006).  The second, “work-exacerbated asthma”, is the provocation 
of existing symptoms by workplace exposures in those with previously established disease 
(Santos et al. 2007).   
Work Related Asthma 
Work related asthma is a potentially preventable disease and identification of the 
causes may lead to direct interventions that may reduce the burden of this disease (Beckett 
1994).  The burden of work related asthma is often measured using the population-
attributable risk (PAR).  This can be defined as the reduction in the number of new cases 
(the incidence) that would be observed if the population had no occupational exposures.   
 
Work related asthma imposes a considerable financial burden on society, most of it 
born by the taxpayer.  A report commissioned by the UK Health and Safety Executive (HSE) 
(Ayres et al. 2011), calculated the total lifetime costs of occupational asthma in the UK.  This 
was done using all cases of occupational asthma reported in one year to UK national 
reporting schemes.  In 2003 there were 209 new cases of occupational asthma and the total 
lifetime cost for each case was estimated at £25.3 to £27.3 million.  Each year all cases of 
occupational asthma cost the UK between £72 and £100 million.  These costs are comprised 
of direct costs (such as use of health care services, treatment and benefits for incapacitated 
workers) and indirect costs (such as costs to employers due to sickness absence and 
compensation as well as financial and “quality of life” costs to individuals).  The majority of 
costs appear to be borne by the individual (49%) and the state (48%) with only 3% of costs 
are incurred by employers (Ayres et al 2011).   
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This paper based its conclusions on information from the Surveillance of work-
related and occupational respiratory disease (SWORD) and Occupational Physicians 
Reporting Activity (OPRA) surveillance schemes, both of which are believed to 
underestimate the true incidence of occupational asthma by as much as a third.  Thus the 
true lifetime cost of occupational asthma to UK society may be as high as £133.5 million.  In 
addition this estimate only takes account of the costs of occupational asthma and does not 
include the costs from work-exacerbated asthma.  The American College of Chest Physicians 
estimates that around 10-15% of adult asthma is due to occupational asthma and that a 
further 10% of adult asthma is work-exacerbated asthma (Chan-Yeung 2008).   
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Occupational causes and high risk occupations 
Many occupations that cause asthma are well recognised (e.g. baking) while others have 
only recently been identified (e.g. cleaning).  By 1994 more than 150 substances thought to 
cause asthma in the workplace had been identified (Chan-Yeung et al. 1994) and this had 
risen to 350 by 2009 (Maestrelli et al. 2009).   
 
Substances that cause immunological asthma are often grouped according to their 
molecular weight.  High Molecular Weight (HMW) allergens are defined as having a mass 
greater than 5000kDa and Low Molecular Weight (LMW) chemicals as having a mass less 
than 5000kDa.   Maestrelli et al classify the majority of the 350 identified asthma causing 
substances as being HMW with only around 100 of them being LMW (Maestrelli et al 2009). 
Despite this, LMW substances may potentially be responsible for more cases of occupational 
asthma as there are at least 30,000 registered LMW chemicals and, for most, the potential 
to cause asthma is unknown.  Maestrelli et al estimated that 1 in 300 of these chemicals had 
the potential to cause asthma owing to their chemical structure and ability to bond with 
proteins. 
   
HMW allergens are proteins of biological origin in agents such as flour, latex, laboratory 
animals and grain dust (Dufour et al. 2009).  HMW agents are believed to act in the same 
way as common allergens through the generation of specific IgE by the immune system of 
the exposed person.  The individual exposed to the HMW agent becomes immunologically 
"sensitized" to the agent over time.  This leads to a latent period between exposure to the 
agent and the triggering of an immune response and the development of symptoms.  In the 
case of HMW exposures this latent period is typically 1 to 2 years from the onset of 
exposure (Tarlo et al. 2008). The types of occupations that come into contact with these 
HMW allergens are varied but commonly include bakers, agricultural workers, wood 
workers, health care workers and pharmaceutical workers (Gautrin et al. 2008).  
 
LMW agents, which include isocyanates, plicatic acid, metals, and anhydrides, are much 
smaller non biological chemical compounds.  The underlying mechanism by which LMW 
agents cause occupational asthma is much less clearly understood.  It is believed that LMW 
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agents cause the production of specific IgE by binding with and changing the antigenic 
properties of a larger molecule such as a protein.  The production of specific IgE has been 
demonstrated for only a few agents such as acid anhydrides and in some cases 
diisocyanates (Baur et al. 1995).  There remains the possibility that LMW agents cause 
occupational asthma through a different mechanism without the production of specific IgE.  
Occupations with exposure to LMW agents include chemical workers, solderers, 
hairdressers, cleaners, spray painters and plastics workers (Chan-Yeung & Malo 1994). 
 
While both HMW and LMW agents potentially cause allergic asthma, another form 
of asthma like symptoms can be caused by exposure to irritants, the most commonly 
recognised form of which is reactive airways dysfunction syndrome (RADS).  RADS is the 
acute onset of persistent asthma-like symptoms with airway hyper-responsiveness 
developing after a high intensity irritant exposure (Tarlo et al 2008).  RADS has no latency 
period and can occur after a single, very concentrated exposure to irritants such as chlorine,  
oxides of nitrogen, acetic acid, sulphur dioxide and paint (Shakeri et al. 2009).  The 
mechanism of RADS is not clearly understood but may be due to oxidation or other cell 
surface reactions inflicting severe damage to the mucosal epithelium (Dykewicz 2009).  
Repeated exposure to low concentrations of irritants may also cause asthma although this is 
controversial and its mechanisms are more unclear.  Occupations where irritant exposures 
are most common include welders, fire-fighters, metal workers and pulp/paper workers.   
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Environment and asthma 
Although it is clear that occupational exposures are an important preventable cause of 
adult onset asthma, other exposures have been implicated with the development of 
asthma.  These exposures include passive or active exposure to tobacco smoke, air 
pollution, allergens, diet, exposure to infections and microbial substances in the 
environment.  
Smoking and Asthma 
Whether smoking causes asthma is unclear and the literature is sometime contradictory.  
A large prospective study of over 14000 Finnish adults concluded that smoking was not a 
strong risk factor for asthma (Vesterinen et al. 1988).  A contrasting result was found in a 
population-based incident case-control study that aimed to assess the effects of current and 
past smoking on the development of asthma in adults (Piipari et al. 2004).   All new clinically 
diagnosed asthma cases (n=521) in an area of Southern Finland were recruited by physicians 
and additional cases were recruited from the National Social Insurance Institution of 
Finland.   Information on active smoking and environmental tobacco smoke (ETS) exposure 
was collected via self-report and compared against information from 932 randomly selected 
controls.  The risk of developing asthma was significantly increased in current smokers (OR 
1.33 95% CI 1.00–1.77, ex-smokers OR 1.49 95% CI 1.12–1.97) as compared to never 
smokers.   
Using data on 200 people with asthma from the French Epidemiological Study on the 
Genetics and Environment of Asthma (EGEA) study, the authors aimed to identify the role of 
smoking in the development of asthma (Siroux et al. 2000).  The conclusion was that “ever” 
smoking was unrelated to the development of asthma, although active smoking was 
associated with an increased severity of asthma symptoms.   A 2004 review of published 
studies on smoking and asthma also concluded that active smoking worsens the symptoms 
of asthma.  Morbidity and mortality from asthma were found to be increased in those who 
smoke when compared to those who do not (Thomson et al. 2004).  This leads to an 
increase in the prevalence of severe asthma and asthma symptoms reported in smokers as 
compared to never smokers.  An increase in morbidity may also lead to greater health 
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service utilisation meaning that smokers with asthma may be more likely to be recognised 
and reported in routine health statistics than non-smokers with asthma.  This review also 
identified a possible link between reduced effectiveness of asthma treatment in those who 
smoke, again leading to a greater reporting of asthma and severe asthma in smokers as 
compared to non-smokers. 
It seems important that smoking should be considered as a potential confounder in 
studies of asthma and there are several ways that this can be done.  One study evaluated 
seven different approaches to the treatment of smoking as a potential confounder in an 
occupational study of lung cancer (Richiardi et al. 2005).  While not directly applicable to 
asthma this illustrates some of the potential effects smoking can have on observed 
associations.  The authors concluded that without adjustment for smoking the associations 
for some of their occupational categories would be over estimated by up to 25%.  After 
adjusting for smoking using a simple model (never/ex/current smoking) this bias was 
reduced to a 10% over estimation of the risk.  More extensive adjustment for smoking, 
involving the use of additional smoking variables (e.g. pack years), reduced this over 
estimation further.  However the authors felt that in most circumstances the simpler model 
of smoking satisfactorily controlled for the majority of confounding. 
Smoking rates may vary between occupational groups, often being more common in 
occupations that are at greater risk of exposure to substances that cause asthma.  A large 
study from the US found that blue collar workers had higher rates of smoking (Lee et al. 
2004), much of the observed differences being due to variations in social class.  In the UK 
the General Household Survey (GHS) has been used to look at changes in smoking levels in 
adults over time, with the most recent data from 2004 (Davy 2007).   The levels of smoking 
were consistently higher for manual occupations than for non-manual occupations at all 
time points examined.  In England the prevalence of smoking in households headed by 
routine and manual workers (28%) was double that of households headed by managerial 
and professional households (15%) (Robinson et al. 2011).  Confounding between 
occupation and smoking may lead to false positive associations of disease with occupation.   
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Environmental tobacco smoke (ETS) and asthma 
Parental smoking may affect the incidence, prevalence and the severity of asthma in 
childhood.  A systematic review of evidence from longitudinal and case-control studies of 
the relationship between parental smoking and wheezing and asthma in the first year of life 
(Britton et al. 1998) concluded that maternal smoking was associated with an increased 
incidence of wheezing illness up to age 6 (OR 1.31, 95% CI 1.22 to 1.41).   
The effect of environmental tobacco smoke (ETS) on adult asthma was investigated in a 
prospective cohort study of 451 non-smoking adults with asthma (Eisner et al. 1998).  This 
study looked at the effect of ETS on asthma severity, health status and health care 
utilization over 18 months.  They found that 29% (n=129) of the cohort were exposed to ETS 
regularly and those with ETS exposure at baseline had the greater severity-of-asthma 
scores, worse asthma-specific quality of life scores and worse scores on medical outcomes.  
In longitudinal follow-up, subjects reporting a reduction in ETS exposure showed 
improvement in severity-of-asthma scores, decreased odds of emergency department visits 
and hospitalizations.   This study provides further evidence that ETS worsens existing asthma 
in adults but does not address whether tobacco smoke exposure causes asthma.   
The mechanism by which exposure to ETS can increase the risk of adult asthma was 
discussed in a recent review of the published literature (Pietinalho et al. 2009).  Looking at 
the links between smoking and asthma in mainly Finnish studies the authors concluded that 
adult exposure to ETS increased their asthma risk.  The most likely mechanism identified 
was that tobacco smoke caused toxic damage of bronchial mucosa which promotes greater 
allergen penetration. 
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Socioeconomic status (SES) and asthma 
Socioeconomic status (SES) in the UK is measured by occupation and level of educational 
attainment.  The former is usually separated into 6 categories, ranked from higher to lower:  
(I) professional occupations,  
(II) managerial and technical occupations,  
(III) skilled occupations subdivided into : 
i. non- manual (IIINM) 
ii.  manual (IIIM) 
(IV) semi- skilled manual occupations  
(V) unskilled manual occupations  
This measure has been used in the UK for a long time and has been adopted by many 
other countries, making comparability with international studies easier (Galobardes et al. 
2006).   However it does not take into account recent changes in occupations and changes in 
the structure of the labour market (such as the increase in the service sector and decreases 
in manufacturing).    
Asthma is unusual in that there is no clear picture of its relationship with socioeconomic 
status in the UK.  In fact the prevalence of asthma and other allergic disease is often greater 
in higher SES groups (Cruz et al. 2010).  Conversely links have been observed between 
asthma severity and socioeconomic deprivation.  A review of studies of childhood asthma 
and SES concluded that the prevalence of severe asthma was higher in lower SES groups 
than higher (OR 2.37; 95% CI 1.28-4.41) (Mielck et al. 1996).   A study in the UK using 
information on hospital admissions from the West Midlands and a wealthier district 
(Worcester) within this region, observed that admissions to hospitals for asthma were 
higher in poorer districts (Watson et al. 1996).  Admissions from poorer districts were also 
more likely to be through accident and emergency services rather than a GP referral.  
Ethnic origin is often linked to SES and different ethnic groups have different health 
service use as well as potential biological and cultural differences that may affect reported 
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asthma rates.  This has implications for health service utilisation, participation in 
epidemiological studies and other factors that may influence the apparent prevalence of 
asthma.  All of these SES factors are interrelated which makes disentangling them difficult.  
In epidemiological studies some attempt to control for this must be made but how well this 
can be done depends on the quality and availability of the necessary information.   
Sex and asthma 
In childhood boys are more likely to develop asthma than girls, but in later life the 
prevalence of disease is higher in women (Melgert et al. 2007;Schatz et al. 2003).  It has 
been suggested that this may be due to a link between sex hormones and the development 
of asthma (Salam et al. 2006).  There is also evidence to suggest that women report severe 
asthma more frequently than men (Raherison et al. 2009;Trawick et al. 2001).  What is not 
clear is whether this is due to true biological differences or differences in asthma control 
and health service utilisation.  Women are more likely to seek out medical advice for other 
reasons in early adult life,  and this could lead to an apparent excess of asthma diagnoses 
(Corney 1990).   
For occupational asthma in the UK this pattern seems to be reversed; it is in men 
that the highest prevalences of occupational asthma are seen.  Based on reports of 
occupational asthma by physicians reporting to SWORD and OPRA for the years 1992–2001, 
the average annual incidence rates of occupational asthma were higher in men (28/million) 
than in women (14/million) (McDonald et al. 2005).  This pattern was observed in an earlier 
paper using SWORD data for the years 1989-1997.   During this time the incidence of 
occupational asthma was consistently about twice as high in men as in women in the UK 
(McDonald et al. 2000).  This is most likely due to a predominance of male workers in many 
asthma high risk industries in the UK, but it may be that women are more likely to leave a 
job that causes symptoms, as they may not be the main wage-earner or it is more 
psychologically acceptable for them to do so. 
As in the UK, a Swedish case-control study estimated that the fraction of asthma 
attributable to occupational exposures; was higher in men (14%) than in women (10%) 
(Toren et al. 1999).  In other countries this pattern is not as clear.  An international ECRHS 
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paper reported that the relative risk of new-onset asthma was similar for men and women 
(Kogevinas et al. 2007).   
Genetics of asthma 
It has long been recognised that asthma tends to run in families, and that having a parent 
with asthma is a strong risk factor for getting the disease.  Over 100 genes have been 
identified as associated with asthma or related phenotypes; it is likely that the disease is 
caused by interactions between multiple genes of small to modest effect and environmental 
factors (Zhang et al. 2008). 
There have been numerous reports on potential candidate genes for asthma (Ober et al. 
2006), but the most extensive information comes from a recent publication in the New 
England Journal of Medicine (Moffatt et al. 2010).  In a genome wide association study of 
over 10,000 cases of asthma it was clear that some single nucleotide polymorphisms (SNPs) 
are associated with asthma.  Interestingly these were not present for adult onset asthma, 
indicating that it may be a different disease to that which starts in childhood.   In a smaller 
subgroup of subjects with occupational asthma the authors examined loci with genome-
wide significance for the overall sample but did not observe any significant associations for 
this sub-group. 
 
It is possible that genetic make-up alters the susceptibility of certain individuals to 
developing asthma when exposed to some occupational agents.  Gene-environment 
interactions can be defined by the idea that two individuals react differently to an exposure 
due to their differing genetic make-up (Von Mutius 2009).  Using a genetic approach to 
environmental exposures can lead to the identification of susceptible individuals within 
populations allowing for a better estimation of risk for the whole population.  The problem 
is that studies to examine this need to be very large.   
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Allergic disease 
Other allergic diseases, such as rhinitis and eczema, have also been linked to 
exposures encountered in the workplace.     
Rhinitis 
Rhinitis is a condition characterised by inflammation of the nasal mucosa with symptoms 
that include congestion, sneezing, itching and nasal discharge.  Seasonal allergic rhinitis, 
caused by exposure to pollen and spores, is referred to in the UK as hayfever.  As with 
asthma, rhinitis can be both allergic (IgE mediated) or can be caused by exposure to 
irritants.  Diagnosis of occupational rhinitis is usually done through the use of questionnaires 
and clinical history but these have a low specificity (Moscato et al. 2008).  In the case of 
allergic rhinitis objective measures such as skin prick tests and specific IgE can be used to 
assess the presence of atopy.  Nasal provocation challenges are useful if a suspected causal 
agent has been identified.  With few objective markers of irritant rhinitis it is difficult to 
determine its prevalence or to quantify its burden.   
 
The prevalence of occupational rhinitis has not been extensively studied in the UK but it 
has been estimated that, in the workplace, occupational rhinitis is four times as common as 
occupational asthma (Moscato et al 2008).   A study looking at the prevalence of rhinitis 
symptoms in 40 subjects with a diagnosis of occupational asthma found that symptoms of 
rhinitis were reported at some time by 37 (92%) (Malo et al. 1997).   The authors also 
observed that the symptoms of rhinitis preceded asthma for 14 out of 24 cases for HMW 
but only in 3 out of 14 subjects for LMW agents.  Moscato et al reviewed several studies 
that reported that occupational rhinitis preceded occupational asthma in 20–78% of 
affected subjects with some suggestion this was mostly in occupations with HMW 
exposures.  A link between asthma and rhinitis has been suggested and the “unified airway 
disease” theory suggests they are manifestations of the same inflammatory process 
(Bousquet et al. 2001).  As rhinitis often precedes asthma, at least for HMW agents, 
identifying cases of occupational rhinitis and preventing further exposure before asthma 
develops, may prevent cases of occupational asthma. 
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Using cases reported to the Finnish Register of Occupational Diseases between 1986—
1991 the major occupational causes of rhinitis were investigated (Hytonen et al. 1997).  The 
highest risks were seen for working as a furrier, baker, or a livestock breeder.  A study using 
longitudinal data on 4994 participants from the ECRHS 1 & 2 surveys, investigated the 
association between adult onset rhinitis and occupation (Radon et al. 2008).  Occupation 
was defined by job titles and occupational exposures were defined by an asthma specific job 
exposure matrix.  The authors looked at self-reported allergic rhinitis and perennial rhinitis 
(runny, blocked nose for 12 months a year).  Compared to office workers, those at the 
greatest risk of allergic rhinitis were male medical professionals (OR 3.0; 95% CI 1.4 -6.4), 
while cleaners had an increased risk of perennial rhinitis (OR 1.4; 95% CI 1.0-2.1). A 
protective effect was observed in “metal workers not involved in metal making or treating” 
(OR 0.3; 95% CI 0.1-0.7).  
Eczema/dermatitis 
Eczema is a chronic inflammation of the skin characterised by dry skin and itchy rashes.  
As with asthma, eczema can be both allergic and non-allergic; and, as with asthma its 
prevalence has increased over the past few decades.  A review of the burden of allergic 
disease put the prevalence of adult eczema in Britain at 16% for 16 to 44 year olds (Gupta et 
al. 2004).  The term eczema is often used interchangeably with the term dermatitis, 
particularly in adults and in an occupational setting the development of new eczematous 
disease is often “contact dermatitis”.  This is an eczema-like skin condition arising from 
direct contact with a chemical and which particularly affects the hands and forearms.  
Depending on the cause and type of this eczema, it is often referred to as either allergic (IgE 
mediated) or irritant. 
Occupational eczema/dermatitis is the most common occupational skin disease and 
usually affects the hands.  Clinical diagnosis is based on a history of occupation and 
symptoms and also through the use of objective tests.  These include patch testing (to 
determine the substance which is causing the reaction) and tests of allergic status such as 
skin prick tests and measurement of specific IgE.  However in an epidemiological setting it is 
hard to diagnosis this disease accurately due to many of the same problems encountered 
with diagnosing asthma.   
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The occupational skin surveillance (EPIDERM) scheme, within the Occupational Physicians 
Reporting Activity (OPRA), collected data from consultant dermatologists and occupational 
physicians in the UK (Meyer et al. 2000).  The annual incidence rate of occupational contact 
dermatitis was 12.9 cases per 100,000 workers.  Prevalence rates are less frequently 
reported but in Europe have been estimated at between 6.7% to 10.6% (Belsito 2005).  The 
occupations with the highest frequency of contact dermatitis were manufacturing industries 
followed by health care employment; specific high risk industries included hairdressing, 
agriculture and nursing.  The high risk substances encountered in these workplaces included 
rubber, epoxy resins, aromatic amines, chromium and chromates, fragrances and 
preservatives.  For irritant dermatitis (the most common form of occupational dermatitis) 
soaps, wet work, petroleum products, solvents, cutting oils and coolants were the most 
common agents (Belsito 2005). 
 Those with occupational eczema/dermatitis may be forced to leave work or to 
change roles.  A study looked at 230 workers with occupational skin disease at least 2 years 
after their diagnosis (Holness et al. 1995), finding that while 78% remained in work, 57% of 
these had changed jobs, with over two thirds claiming it was related to their skin disease. 
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Study designs for the investigation of occupational causes of asthma 
 The association of asthma with exposure to agents in the workplace has been 
investigated in a variety of different study designs, using routine data, surveillance data and 
population-based studies. 
Surveillance Schemes 
The majority of current data about the burden of work-related asthma in the UK 
comes from surveillance data.  These include the Surveillance of Work-related and 
Occupational Respiratory Disease (SWORD) project which was set up in 1988 to identify 
agents thought to be responsible for work-related respiratory disease as well as the scale 
and patterns of the disease.  SWORD is one part of a larger network of schemes designed to 
detect and identify existing hazards and provide a research database called The Health and 
Occupation Reporting network (THOR).  THOR, which developed from SWORD, collects data 
on a wide range of occupational diseases and disorders and provides estimates of their 
incidence.   
The SWORD data are collected from roughly 490 respiratory physicians throughout the 
UK who participate in reporting occupational respiratory disease.  There is a core group of 
25 chest physicians who report new cases to the Centre of Occupational and Environmental 
Health each month.  The remainder are a sample of physicians who report in one of 12 
monthly samples each year (Meyer et al. 2001).   Physicians are asked at random to,  
 
 “report all new cases of respiratory disease which they believe to have been caused by 
occupational or work-related factors, seen for the first time by themselves or by physicians 
working under them during each month.” (Centre for Occupational and Environmental 
Health 2005)   
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The physicians have 10 different respiratory diseases they can assign for each case, 
including: 
 
A. Asthma - work-related asthma: indicate whether you consider the agent acted as a 
sensitizer (A1) or an irritant (A2)  
B. Inhalation accidents - acute respiratory symptoms due to inhalation of toxic gas or 
fume  
 
They are asked to provide additional information including type of industry, job, 
suspected cause, sex, age, post code (first half) and symptom onset. Total annual numbers 
of cases of occupational respiratory disease are collected by combining the monthly reports 
of the core physicians with an estimate of the cases from the sampled physicians.  
In addition the Occupational Physicians Reporting Activity (OPRA), started in 1996, 
collects data on occupational disease and work-related conditions in the UK.  This scheme is 
comprised of roughly 400 consultant occupational physicians who collect data in a similar 
way to SWORD but for a wider range of work-related conditions, incorporating all of the 
categories that are also covered by THOR. 
SWORD and OPRAs most recent data show that 313 new cases of occupational asthma 
were reported by specialist and occupational physicians between 2007-2009 (Health and 
Safety Executive 2010c).  However this is likely to be an under representation as the case 
definitions used are more strict than the definition used in general surveys.  The scheme is 
also less likely to detect cases amongst those working without occupational health 
provision, such as small companies and the self-employed. 
 
A study of occupational asthma in the community, using available general practice notes 
to identify adult diagnoses  of asthma (onset after age 16), suggested that up to a third of 
these patients were working or had worked in an occupation with exposure to known 
causes of occupational asthma (de Bono 1999).  However of this third, only 18% had any 
record of an investigation into the potential link between the occupation and the diagnosis 
of asthma. This suggests that the link between occupation and asthma is not being 
identified or investigated by general practitioners, leading to an underestimation of the 
 
36 
burden of occupational asthma in the community.  This study also described who made the 
diagnosis of occupational asthma.  Four out of seven cases were diagnosed by the general 
practitioner, but this had not been confirmed by a chest or occupational physician.  As the 
SWORD reporting scheme relies on reports from respiratory specialists, this study suggests 
that the SWORD scheme substantially underestimates the burden of disease.  
 
Another reporting scheme in the UK is the Midland Thoracic Society's Surveillance 
Scheme of Occupational Asthma (SHIELD).  This reporting scheme was set up in 1989 in 
order to determine the incidence of occupational asthma within the West Midlands, and to 
identify the employment state of workers at diagnosis.  Data are collected from members of 
the scheme who include chest physicians and members of the West Midlands Group of the 
Society of Occupational Medicine.  Each month they report new cases of occupational 
asthma using a standard format.  In the most recent year reported (2009), the scheme 
collected reports of 39 patients with occupational asthma.  The most common identified 
exposures in 2009 were cleaning and sterilising agents (18%), followed by metal working 
fluids (10%) (Burge et al. 2010).  In 15 years worth of reporting to the SHIELD scheme, a total 
of 1461 cases of occupational asthma have been reported with an annual incidence of 42 
per million of the working population (95% CI = 37–45) (Bakerly et al. 2008).  This is higher 
than the incidence reported by SWORD despite the two schemes overlapping.  The 
discrepancy is thought to be due to the West Midlands having the highest percentage of 
people in the manufacturing industry in the UK (20.8% 16-74 years olds vs. national average 
of 14.8%) (Bakerly et al 2008).  It is also thought to be due to the West Midlands having 
more complete reporting than other parts of the UK (Meredith et al. 1996).   
 
A review published in 1996 of reporting schemes in four different countries (UK, Finland, 
USA and Canada) describes the schemes and occupational asthma estimates derived from 
each country (Meredith & Nordman 1996).  For the UK they used SWORD data from the 
period 1989 to 1992 which gave an annual incidence of 1.9 per 100,000 of the population.  
This was much lower than the rate reported in Finland during the same time (14 per 
100,000 per year), which was felt to have the more complete reporting.  However the UK 
incidence was of the same order of magnitude as in the USA (ranged from 0.2 to 1.8 per 
100,000) and Quebec (2.5 per 100,000).  Some of the difference between Finland and the 
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UK may be due to the fact that in the former occupational asthma due to farming (a major 
cause) is eligible for compensation, meaning they are more likely to report occupational 
asthma.  In the UK farmers are self-employed so many UK cases may be missed due to a lack 
of occupational health provision.   
 
In the UK, the Department for Work and Pensions (DWP) Industrial Injuries and 
Disablement Benefit (IIDB) scheme is a governmental scheme to provide compensation to 
industrially injured people.  In 2008, 140 cases of occupational asthma were assessed for 
disablement benefit compared to 350 cases reported by SWORD (Health and Safety 
Executive 2009).   This means that the IIDB scheme is picking up fewer cases than the 
SWORD scheme, which is itself an underestimation of the true incidence of occupational 
asthma in the UK.  Much of this is likely due to the IIDB scheme not going to self-employed 
individuals, it is also likely that people are unaware of the IIBD and it may only identify cases 
from occupations that are well known to cause asthma (Health and Safety Executive 2010b).  
It is also possible that people with occupational asthma are not considered disabled enough 
to qualify for benefits or that they are unaware of the benefits for which they have to apply. 
 
Using data from the THOR and IIDB schemes the most common causes of occupational 
asthma in the UK in 2006-08 were identified as isocyanates, flour and grain.  The 
occupations with the highest incidence of occupational asthma were ‘vehicle paint 
sprayers’, ‘metal making and treating process operatives’ and ‘bakers and flour 
confectioners’ (Health and Safety Executive 2010a).  
 
National statistics which are collected as part of general population surveys such as 
censuses and routine statistics from primary care, prescriptions, hospital admissions and 
mortality, provide some information on occupational asthma in the UK.  However these 
statistics are not collected specifically to answer questions about occupational asthma and 
are therefore likely to miss many cases.   One survey carried out by the Office for National 
Statistics (ONS), the Labour Force Survey, is a sample survey of private householders in 
Great Britain.  It is carried out quarterly and asks questions on the participant’s personal 
situation and employment status during a specified reference period.  Additional questions 
about self-reported work-related illness are used to estimate "breathing or lung problems" 
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(which included asthma) which had been caused or made worse by work. In 2008/09 the 
Labour Force Survey estimated that 38,000 (95% CI 28 000 to 48 000) individuals who had 
worked in the last 12 months suffered from work-related "breathing or lung problems" 
(Health and Safety Executive 2010a). 
 
Surveillance schemes are useful for describing the distribution and prevalence of 
occupational disease in specific occupational groups and in the general population; but 
using them to generate an accurate assessment of population attributable risk is likely to 
lead to an underestimate of the numbers affected.   Some of this underreporting is due to 
missed diagnoses, as in order to be reported to a surveillance scheme a physician diagnosis 
of asthma must be made.  Those with work related asthma may not have a diagnosis as they 
and their GP may be unaware of the effect of their occupation on their asthma.  On the 
other hand the long-term and continuous nature of surveillance schemes means that 
changes in prevalences over time can be observed and trends identified.   
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Population based Studies 
Other ways of measuring the burden of occupational disease include the use of 
population based surveys.  These are carried out on a representative sample of the general 
population using a variety of different study designs.  The most common of these are cross-
sectional surveys.  Cross-sectional surveys are a descriptive study design, which collect data 
on the exposure and the disease at one point in time.  This type of study can identify the 
prevalence of disease in different groups but rarely provide sufficient information for causal 
inference as it is not possible to show clearly that exposure preceded the disease even 
though retrospective information may be collected.  Other types of study design used to 
investigate the association between asthma and occupation include case-control studies 
and cohort studies. 
Selection bias:  
For the results of an epidemiological study to be valid for the general population it is 
important that the study is as representative of the general population as possible.  A 
representative sample can become biased due to selection in and out of employment; this 
reduces the external validity of any analyses carried out using that sample.  Selection bias 
can be broken down into three distinct types: 
 
“Job selection” – Individuals with asthma or allergic disease symptoms may avoid 
entering occupations that would aggravate their disease. 
“Healthy hire effect” – Employers may be unwilling to hire people with asthma or 
allergic disease for occupations that might bring them into contact with exposures likely to 
make their symptoms worse (Le Moual et al. 2008). 
“Healthy worker effect” - If an occupation is associated with the onset or aggravation 
of a disease, workers may choose or be forced to leave and seek employment elsewhere.   
 
Individuals who avoid or leave high risk occupations may be forced to work in 
occupations with a lower disease risk, such as office work.  These office based occupations 
are commonly used as the comparison or reference group for studies of occupational 
asthma, as they are not considered to be exposed to anything likely to cause disease.   An 
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increased prevalence of people with asthma in the reference group may reduce the strength 
or hide any true associations of exposure with disease.   These forms of selection bias would 
lead to a spuriously low prevalence of disease in those working in high risk jobs and a high 
prevalence of disease in lower risk jobs.   
 
Cross-sectional and workplace based asthma studies are particularly subject to these 
biases and therefore may underestimate the risks associated with exposure (Le Moual et al 
2008).  A cohort study allows individuals who are disease free at baseline to be identified, 
consequently the reference group is not contaminated with a high prevalence of disease.  In 
addition cohort studies that collect information from before entry to the workforce allow 
individuals with disease before they enter the work to be identified.  The employment 
patterns of these individuals can be compared with the employment patterns of disease 
free individuals to observe if any form of selection bias is at work in the cohort.   
   
A longitudinal study has the advantage of reducing recall error as information is 
collected at each follow-up of the cohort.  With prospective studies it is possible to 
determine if the exposure came before the disease and to examine multiple outcomes from 
an exposure.  However cohort studies are expensive and often need to be run for long 
periods of time.  They are also subject to attrition (loss to follow-up) which can affect the 
validity of the results.   
 
Several studies have investigated selection bias and “healthy worker/hire” effects. 
One, a large cross-sectional study using data from nearly 20,000 adults in the ECRHS study, 
retrospectively collected information on occupations and health information (Olivieri et al. 
2010).  Current or previous job was linked to a JEM that assigned high, low or no exposure 
to dust, gases or fumes.   The population with asthma that started before completion of full-
time education had a decreased risk of having a job with high exposure to vapours, gas, dust 
or fumes (OR 0.79; 95% CI 0.68-0.92).   Leaving a job because it affected their breathing was 
reported by 4.1% of the sample.  The conclusion was that people with asthma potentially 
avoided jobs with a high risk of inhalation exposures.   
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This was contradicted by another study.  A selection of 504 vocational trainees from 
the German arm of ISAAC were followed up after 7 years (baseline at 9-11 years old) (Radon 
et al. 2006).  Participants were asked what type of job they would like in the future.  
Vocational trainees with asthma were no more likely to avoid a high risk job than those 
without asthma.  The ISAAC study was a large prospective cohort study but this paper only 
used data from a relatively small selection so it is difficult to conclude whether or not 
people with asthma are avoiding high risk occupations.  
 
The "healthy hire” effect will depend on the employee/employer’s awareness of the 
risks of certain occupations on the disease.   A small cross-sectional study in Canada asked 
103 young adults (aged 16 to 22 years old) with self-reported physician-diagnosed asthma 
about the influence of asthma on their career choices.  They observed that just over half of 
the subjects (56.4%) were able to identify occupations that could cause or exacerbate 
asthma but that only a third (34.7%) felt that asthma would influence their career choice.  
Higher average home income and a university education were predictors for reporting 
awareness of occupations that aggravate asthma.  Whilst not in the UK this study showed 
that in a developed country awareness of the effect of occupation on asthma was relatively 
low in young adults (Bhinder et al. 2009). 
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Classifying exposures/occupations 
As stated, over 350 substances in the workplace are thought to cause occupational 
asthma.  Once asthma has been diagnosed, a link must be demonstrated between the 
exposure and the individual's asthma.  The clinical methods used in establishing this link 
include collecting detailed occupational and personal histories, immunological testing, serial 
monitoring of peak expiratory flow (to observe in improvement in lung function away from 
the workplace), paired histamine or methacholine challenges and inhalation challenge 
testing (Tarlo et al. 2003).  Inhalation challenge testing involves exposing an individual to the 
suspected occupational agent in a controlled situation and monitoring the response.  In 
some occupations it is possible to collect personal air samples of potentially exposed 
individuals in order to determine the actual exposure.   
 
It would be costly and impractical to perform this level of diagnostic investigation when 
carrying out a large scale population based study.  Therefore a surrogate measure must be 
used to determine an individual's potential exposure to risk factors in the workplace.  In 
epidemiological studies there are many different methods that include basing the exposure 
on an individual’s occupational history (job title/task), a self-report of exposure, expert 
evaluation of potential exposure and job exposure matrices.   
 
Occupational information is often routinely collected as part of epidemiological 
studies in order to classify individuals by social class.  The level of detail collected varies but 
usually includes a job title, main job task and industry.  These can be collected by self-
completed or interviewer administered questionnaire as well as from routine data sources 
(though occupational information from these is often limited).  These types of data offer the 
ability to determine the occupation of large numbers of people but are often of limited 
quality or are incomplete. 
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Occupational Histories (job titles) 
Using reported job as a proxy for an exposure in the workplace offers a relatively 
simple method of assigning exposure to large numbers of people but are one of the main 
problems is that variations in exposure exist within jobs.  This makes the identification of the 
specific causative agent within that occupation difficult.   A review of the literature looking 
at the validity and reliability of different occupational exposure methods (occupational 
histories, job–exposure matrices (JEMs), self reported exposures, and expert assessments) 
was conducted in 2002 (Teschke et al. 2002).  Self reported occupational histories were 
compared with company, pension and union records and a previously self-reported history.  
Teschke et al concluded that the different occupational histories were generally consistent.  
The levels of raw agreement for a range of employment variables such as employer, job 
classification, person-years in a job, and start and termination dates were good, usually in 
the range of 70–90%.  The review concluded that factors likely to reduce the accuracy and 
precision of occupational histories included increasing complexity of a subject's 
occupational history, shorter duration of a job, and a longer period of recall.   
However though job history may be reported correctly, merely knowing the title of 
the job can lead to exposure misclassification.  As an example, a 2009 study compared 
expert-assessed likelihood of pesticide exposure with reported farm-related job titles as a 
surrogate.  The majority (68.8%) of job titles with likely pesticide exposure (assessed by 
expert review) were farm jobs, but 78.3% of farm jobs had no likelihood of pesticide 
exposure (MacFarlane et al. 2009). Therefore the number of people assessed as exposed 
was far higher than the experts considered to be the case.   
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Occupational coding schemes 
When using occupational histories collected in studies, usually in the form of job 
titles and descriptions, the data need to be in a usable form for analysis.    Occupational 
coding schemes which classify jobs and industries into distinct groups in a numerical form 
can be used for this.   
Occupational coding schemes are not primarily designed to identify exposure at 
work but for economic and social groupings based on job and tasks performed (Mannetje 
2003).  Thus they group workers based on their skill levels, which are usually determined by 
education and training.  This allows groups of similarly exposed people to be aggregated but 
means that there is a lack of sensitivity in distinguishing exposure between workers in the 
same occupational code (e.g. supervisor vs. hands-on workers with the same code).  If an 
association between the outcome and the job title is observed, it is difficult to identify the 
actual agent responsible.   
  
Converting free text job titles to an occupational code is dependent on the skill of 
the coder and the level of detail provided.  Inevitably with poor quality information some 
subjective assessments are made.  Changes in coding can occur as the coder becomes more 
familiar with the process and as studies progress coders may assign job codes differently at 
the beginning of the study to the end of the study.  Blind retesting on random sample of the 
codes can identify this problem (McGuire 1998).   
 
A study trying to identify retirees who may have had asbestos exposure examined 
the quality of occupational coding and its effect on the subjects’ exposure status (Pilorget et 
al. 2003).  The occupations for a sample of 450 retired men were coded twice by three 
coders, the second coding being done blind to results of the first.  These codes were then 
linked with an asbestos specific Job Exposure Matrix to generate likely asbestos exposure, 
and exposures for each coding run were compared using the kappa statistic.  The exposure 
status did not change for 84.7% of the job episodes (absolute agreement) between the two 
coding runs.  The overall kappa reproducibility coefficient for subjects’ exposure status was 
0.64, 0.70 when the questionnaire was coded twice by the same coder, and 0.62 when 
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coded by two different coders.  This suggests that there was good agreement between the 
coders and in most instances the exposure status of the individual did not change.  However 
in certain occupational groupings the kappa statistic varied.  For example the kappa statistic 
for painters was 0.84 whilst for food and drink workers it was only 0.03, although the 
numbers in these groups were not presented.  
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International Standard Classification of Occupations (ISCO) 
Each country has its own occupational coding scheme appropriate to local 
employment conditions.  Most schemes are regularly updated in order to take into account 
changes in types of employment and employment conditions over time.  The use of 
international coding schemes allows for the comparisons of occupations across countries.   
International schemes are often used as a model for many countries own classification 
schemes.   
 
An international coding scheme currently in use is the International Standard 
Classification of Occupations (ISCO), first developed in 1958 by the International Labour 
Organisation (ILO).  The most recent iteration of this coding scheme (ISCO-08) has only 
recently been completed and has not yet been widely used in epidemiological studies.  The 
previous scheme, ISCO-88, has been used in a wide range of occupational studies on asthma 
and this code is linked to Susan Kennedy’s Job Exposure Matrix (Kennedy et al. 2000).   
ISCO-88 assigns occupations mainly using the similarity of skills required to fulfil the 
tasks and duties of each job, the skill level and the skill specialisation (International Labour 
Office Geneva 1990).  ISCO-88 is composed of nine major groups, 28 sub-major groups, 116 
sub groups and 390 unit groups (the level of individual jobs).  The nine major groups 
(International Labour Organization 2004), are:  
1. Legislators, senior officials and managers 
2. Professionals 
3. Technicians and associate professionals  
4. Clerks  
5. Service workers and shop and market sales workers  
6. skilled agricultural and fishery workers 
7. Craft and related trades workers  
8. Plant and machine operators and assemblers  
9. Elementary occupations 
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UK Occupational Coding Schemes  
The UK currently uses an occupational coding scheme based on the ISCO-88 
(Standard Occupational Classification-SOC 2010), which classifies jobs according to their skill 
level and content (Office for National Statistics 2010).  The SOC coding scheme was 
launched in the United Kingdom in 1990 (SOC-90) as a replacement to the previous 
Classifications of Occupation 1980 (CO-80).  This was done in order to allow comparisons 
with the ISCO coding scheme and to update the UK scheme with newer occupations.  Every 
ten years the SOC coding scheme is updated to reflect changing employment conditions and 
newer occupations such as jobs in computing, environment and conservation as well as 
redefining many managerial jobs (Office for National Statistics 2010).  
 
In the most recent follow-ups of the 1958 Birth Cohort the SOC-2000 scheme was 
used to code occupations.  In previous sweeps the data were coded to earlier schemes, and 
in the data used for this thesis, SOC-90 was used.  It has 9 major groups, 25 sub-major 
groups, 81 minor groups and 353 unit groups, broadly following the structure of ISCO-88 
with some differences that allow it to be more easily tailored to the UK population. 
The major groups of the SOC-90 scheme are: 
 
 1 Managers and Administrators 
  2 Professional 
  3 Associate professional and technical 
  4 Clerical and secretarial 
  5 Craft and related 
  6 Personal and protective services 
  7 Sales 
  8 Plant and machine operatives 
  9 Other occupations 
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Expert assignment of Exposure 
Arguably a more accurate method of assigning exposure is the use of industrial 
hygienists or occupational experts to assess the likely exposures of individuals working in 
specified jobs using more detailed information than just job title.  Short of personal 
monitoring this is often considered the most accurate assessment of exposure (McGuire 
1998).  Expert assessment is usually carried out by groups of industrial hygienists who 
review the occupational history of an individual, either from a job code or, for a more 
accurate assignment, from additional free text information.  They use their knowledge of 
the job to assign exposure to substances, taking into account variations in exposure levels 
that occur between jobs.  Measures such as confidence of exposure, intensity of exposure 
and frequency of exposure can also be assigned.  This is a time consuming and expensive 
method of exposure assignment, and efforts have been made to reduce the time and cost 
required.  These include the use of computer-assisted systems and structured 
questionnaires designed to collect specific information on jobs and tasks which 
subsequently speed up the review process (McGuire 1998).  Much of the accuracy of expert 
evaluation relies upon the original quality of the data collection and coding.  Therefore the 
problems associated with the collection of occupational histories (e.g. recall bias and 
coding) will still affect estimates made by experts.  If more than one expert is used there 
may be issues of inter-rater agreement.   
A study in Montreal evaluated the reliability of expert exposure assignment 
(Siemiatycki 1997).  Men diagnosed with cancer were interviewed to gain a detailed 
occupational history, this was then coded to 294 chemical and physical exposures by a 
group of chemists, industrial hygienists, and engineers.  Four years after the original coding 
50 job histories were randomly selected and reassigned by two members of the original 
team blinded to the original assignment.  The kappa for agreement was 0.80, indicating very 
good agreement and they concluded that high levels of reliability are attainable for 
retrospective exposure assessment by experts.  Much of the quality of this method will 
depend on the knowledge base of the experts selected; no industrial hygienist can be 
expected to know all potential exposures in all occupations. 
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A study in 1999 (Cherrie et al. 1999) used industrial hygienists to estimate exposure 
concentrations of respirable dust, toluene, styrene, asbestos, or manmade mineral fibre 
using information on work and the working environment.  Their estimates were then 
compared with actual measurements of airborne concentrations of these substances.  They 
found that the correlation coefficient (Pearson r) ranged from 0.31 to 0.93 with a mean of 
0.39 for nearly all agents, indicating a reasonably good association between the two 
measures.  This suggests that for these exposures, using an occupational history with expert 
evaluation, would give a reasonable estimate of the true amount of exposure these workers 
had.  
A population-based case-control study in Washington State evaluating associations 
between amyotrophic lateral sclerosis and workplace exposures, looked at the repeatability 
of expert evaluations of exposure (McGuire et al. 1997).  Each individual's lifetime 
occupational histories were blindly assessed for exposures to metals, solvents, and 
agricultural chemicals by four industrial hygienists.  This assessment was then repeated by 
the same panel blinded to the previous results.  The agreement was calculated using the 
percentage agreement and kappa statistic.  The percentage agreement was generally high at 
90% for metals, 82% for solvents, and 97% for agricultural chemicals.  The Kappa statistics 
were 0.77 for metals, 0.64 for solvents, and 0.75 for agricultural chemicals, all considered to 
show substantial agreement between the two assessments.   
Due to the fact that expert assessment of exposure is considered to be one of the 
best methods of assigning occupational exposure in epidemiological studies it is often used 
as a “gold standard” to assess the accuracy of other methods of exposure assignment. 
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Self-reporting of Exposures 
The self-reporting of exposures relies upon the individual recalling a specific 
exposure, and it is a convenient and inexpensive method of obtaining exposure 
assignments, however it can lead to problems.  An individual may be unable to name the 
exact substance they were exposed to correctly as they may only be aware of the commonly 
used name (Teschke 1994).   Problems of recall bias also exist, as cases may be more likely 
to remember an exposure than a control, which would lead to an over estimation of any risk 
(Delclos et al. 2009;McGuire 1998).  Several studies have compared self-reported exposure 
with industrial hygiene measurements of exposure, quantitative measurements and expert 
assessments.  A review of these different exposure methods used in population based case-
control studies found some significant associations between the measurements used but all 
had very wide variations in the level of agreement (Teschke et al 2002).  When comparing 
self-report to quantitative measurements wide variations in the sensitivity (0 to 0.85) and 
specificity (0.34 to 1.0) were observed.   
 
Studies that compared self-report to expert assessment of exposures frequently 
used the kappa statistic for agreement.  Again a wide variability was seen with a low of 0.05, 
a high of 0.94 and a median of 0.6.  A population based case-control study of incident 
primary brain tumours collected exposure information via self-report and via occupational 
hygienist review of the questionnaire (Rodvall et al. 1996).  The kappa statistic for these two 
methods was highest for exposure to pesticides (0.88) although it differed between cases 
(0.88) and controls (0.46).  The lowest kappa statistic was for exposure to “solvents, 
degreasers, or cleaning agents”, 0.69 (cases) and 0.58 (controls).  Unsurprisingly individuals 
are more likely to report exposures that they can smell or see (Nieuwenhuijsen et al. 1998) 
as well as exposures they recognise (Teschke 1994).    
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Job Exposure Matrix (JEM) 
Using occupational histories to define exposure is less time consuming and 
expensive than using expert evaluations, but is less accurate.  The use of JEMs first emerged 
in the late 1970s as a way of addressing many of the problems associated with other 
measures of exposure.  JEMs cross link an individual's occupation or industry codes with 
information on exposure to specific workplace hazards, placing people with different 
occupational codes in the same exposure category.  Each cell of a JEM contains information 
on an exposure to a workplace agent usually in binary form (yes/no), though they can also 
have other measurements such as likelihood of exposure or level of exposure 
(low/medium/high).  This method offers the ability to assign exposures to occupations 
quickly and cheaply, making it suitable for use in large scale studies.  A JEM can also be 
combined with an expert review step, which uses expert evaluation to alter exposure 
assignments for certain occupational codes.  This increases the accuracy of the exposure 
assignment, and allows for regional variations in occupational exposures associated with 
particular jobs.  A JEM can either be a generic JEM, or can be focused on exposures that are 
relevant to a specific disease, population or industry.  JEMs assign exposure systematically 
regardless of the disease status of the individual, avoiding the recall bias seen when 
exposure is self-reported (Kauppinen et al. 1998;Mannetje 2003).   
 
JEMs have been compared to other methods of exposure assignment.  In the ECRHS 
study the exposure of 16,752 randomly selected working individuals with current self-
reported exposure to air pollutants was compared with the current exposure derived from a 
JEM (de Vocht et al. 2005).  The specificity of self-reported exposure for people with and 
without asthma compared to the JEM, regarded as the gold standard, was 0.83 and 0.87 
respectively and the sensitivity 0.48 and 0.42. In addition the authors assessed the 
association between the community prevalence of current asthma and self-reported 
occupational exposures in the current job.  In 40 study centres, self-reported exposure was 
found to be more prevalent in areas of a higher community prevalence of asthma (Canada, 
New Zealand and the UK); this was not true for the JEM.   
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Another JEM was assessed using 1205 occupational histories from Finland 
(Kauppinen et al. 1992).  Odds ratios derived from an expert evaluation of exposure were 
compared to odds ratios derived from the JEM.  The JEM was satisfactory for common 
exposures (10% or more of the population exposed) but associations could not be assessed 
for more rare exposures due to a lack of exposed cases.    
 
The conclusion of a review of several studies is that a generic JEM is not sensitive 
and has only slight to fair agreement with other validated techniques (Teschke et al 2002).  
One way of increasing the quality of the exposure assignment from a JEM is to use a JEM 
that is tailored to a specific exposure, disease or population and then combining this with an 
expert evaluation step of the assigned exposures.  One such JEM that does this is an asthma 
specific JEM developed by Susan Kennedy in 2000. 
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Asthma Specific Job Exposure Matrix (ASJEM) 
The Susan Kennedy ASJEM was created for the determination of occupational risk for 
the development of asthma and was first used for the French EGEA study in 2000 (Kennedy 
et al 2000).  Reported jobs are coded to the ISCO-88 coding scheme and for each of the 390 
unit groups an assessment of likely exposures to 22 agents is provided. These agents are 
based on known occupational risk factors for asthma and are grouped into High Molecular 
Weight (HMW) agents, Low Molecular Weight (LMW) agents, mixed environments and 
irritant agents.  These agents are also grouped according to their likely ability to cause 
asthma (high/low/very low risk).  This is based on a list prepared by Chan-Yeung and Malo 
relating to over 150 of the most common chemical and biological substances associated 
with asthma (Chan-Yeung & Malo 1994).   This list was used in conjunction with the expert 
knowledge of the authors to assign an exposure to each ISCO-88 code.   
 
A category for occupations with a very low risk for asthma (“Unlikely to be exposed to 
asthmagenic compounds”) is also provided and is often used as the reference group.  
Additional a group for job codes that have uncertain exposures even after expert evaluation 
is provided; any occupations that remain uncertain (“Relevant exposures remain uncertain 
even after checking”) are placed in this group.  The groupings in the ASJEM are shown in 
table 1.1.   
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Table 1.1: Exposure groups in the ASJEM 
Asthma Risk High 
Asthma Risk 
Low 
Asthma Risk 
Very Low 
Confidence 
variable 
HMW  
Exposure 
LMW 
Exposure  
Mixed 
Environments  
High Risk For 
RADS 
Other 
Exposures - 
Asthma Risk 
Low 
Asthma Risk 
Very Low 
Uncertain 
Animal 
Antigens 
 
Fish/ shellfish 
antigens 
 
Four 
associated 
antigens 
 
Plant (other) 
associated 
antigens 
 
Mite and 
insect 
antigens 
 
Antigenic 
enzymes 
 
Latex 
antigens 
 
Bioaerosol 
antigens 
 
Pharma-
ceutical 
product 
antigens 
Highly 
reactive 
chemicals 
 
Reactive 
chemicals – 
isocyanates 
 
Reactive 
cleaning / 
disinfecting 
products 
 
Antigenic 
wood dusts 
 
Metal and 
metal fume 
antigens 
Metal working 
fluids 
exposures 
 
Textile 
production 
 
Agricultural 
antigens 
 
High 
probability 
of accidental 
peak 
exposure to 
irritants 
Combustion 
particles/ 
fumes: vehicle 
/ motor 
exhaust 
 
High 
probability of 
exposure to 
Environmental 
tobacco 
smoke (ETS) 
 
Possible 
exposure to 
irritants gasses 
or fumes 
 
Low antigens: 
May be 
exposed to 
asthmagen 
but low 
probability of 
enough 
exposure for 
OA 
 
Unlikely to 
be exposed 
to 
asthmagenic 
compounds 
Relevant 
exposures 
remain 
uncertain 
even after 
checking 
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When deciding whether exposure occurred within a specified occupational group, a 
decision to favour specificity over sensitivity was made by the authors.  This was based on 
prior work that suggested this would optimise the ASJEM and reduce misclassification bias 
(Bouyer et al. 1993;Kromhout et al. 1992;Plato et al. 1993).  Therefore the job had to have a 
strong likelihood of exposure in order to be placed in an exposure group.  This strong 
likelihood was defined as: 
 
“ the probability of exposure was expected to be high for a significant number of 
subjects having that job (Kennedy et al 2000).”  
 
As a further step to improve the validity of the asthma specific JEM, an expert re-
evaluation step was added.  Kennedy recommends that individuals working in some jobs 
have their exposure or ISCO-88 code re-assessed by an expert with knowledge of local 
practices, using the free-text information provided at the time of interview, if available.  This 
would take account of the differing natures of occupational exposure in different regions, 
and the broad definitions of some occupational groups.  The ASJEM was developed in 
Canada where certain occupations are exposed to agents that are unlikely be encountered 
in a different population.  For example, in Canada, occupations that involve working with 
wood are likely be exposed to red cedar (which is known to cause asthma), an exposure 
unlikely to occur in great numbers in British wood workers.   
 
Occupations in need of review are designated as “needs individual re-evaluation”.  
The review process is split into two different forms.  One expert evaluation involves the 
ISCO-88 coding, (“Check ISCO: ISCO code needs to be checked during the re-evaluation 
step”) and involves checking difficult to code jobs and correcting the ISCO-88 code.  The 
other (“Check exposures: at least one exposure group code needs to be checked during the 
re-evaluation step”), involves checking certain job codes with exposures that differ greatly 
by industry and possibly by locality.   
 
In both of these checks the original free text information should be examined by 
local experts (occupational hygienists) and compared to the ISCO-88 code or the exposure.  
A judgement is then made by the experts as to whether the original coding/exposure 
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assignment was sufficiently accurate.  If the coding was incorrect an alternative code should 
be provided by the experts and, if the exposure assignment was incorrect, new exposures 
should be assigned.  The ASJEM includes explanatory comments to guide the re-evaluation 
required for each job code.  The same principle of favouring specificity over sensitivity 
should be followed by the experts and exposures should not be changed/re-assigned unless 
the probability of exposures is high in that occupation.  
 
Several epidemiological studies have shown that with every re-evaluation of the 
occupational coding and exposures, the odds ratios (ORs) increase in magnitude, and there 
is an increasing chance of detecting a statistically significant association of disease with 
occupation (Blanc et al. 1999;Kauppinen et al 1992;Suarthana et al. 2008).  The increase in 
the ORs reflects the increase in the validity of the assignment of exposures at each step, as 
the degree of misclassification is reduced each time (Kennedy et al 2000).   
 
One limitation of the use of JEMs, including the Susan Kennedy ASJEM, is that 
exposures are treated as independent individual exposures.  In real life, exposures are 
multiple and possibly interact (Suarthana et al. 2009).  Another limitation is that the binary 
nature (exposed/unexposed) of this JEM does not capture the “dose” of the exposure.  This 
results in a loss of information and does not allow examination of dose-response 
relationships. 
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Aims and Objectives 
The overall aim of this project is to identify the major occupations and occupational 
exposures that are associated with asthma and other allergic diseases in the British 
population. The project should confirm some associations that are already recognised, 
identify others and, importantly, highlight the scale of the problem in the British population. 
Current primary preventative strategies will be significantly enhanced by a greater 
understanding of the epidemiology of this disease in a representative British population. 
The work required to achieve these aims can be split into four main themes: 
Objectives: 
 Literature review:  to identify and review the existing literature on: 
 studies that have used Susan Kennedy’s asthma specific job exposure matrix. 
 original published studies of occupational asthma using a population based study 
design.   
 Asthma:  
 To identify occupations and occupational exposures that are associated with the 
development of asthma in adult life. 
 To identify occupations and occupational exposures associated with the relapse of 
respiratory symptoms and asthma that were present in childhood but which 
appeared to have resolved during adolescence.  
 To describe the employment history of people with asthma and to compare it with 
that of people without asthma.  
 Other allergic disease:  
 To identify occupations and occupational exposures that are associated with the 
development of allergic diseases (hayfever or eczema) in adult life. 
 Methodology of the ASJEM:  
 To examine the changes made to the occupational codes and occupational 
exposures by the expert evaluation step of the ASJEM and to assess what affect 
these changes had on the observed associations.
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Chapter 2: Review of the literature- Population-based studies of 
occupational asthma 
Introduction 
There is a substantial amount of published literature on occupational asthma, much 
of it based on small samples or focusing on specific occupational groups.  This review was 
focused on identifying all original published studies of occupational asthma using a 
population based study design.   
The aim of this review of the literature was to identify the methods used in 
population-based research of asthma.  This includes the choice of asthma definition and 
reference group as well as the way occupational exposure information is collected and used.  
The population attributable risks (PARs), if available, were collected as well as the methods 
used to calculate them.  These methods and results should inform this project and highlight 
any methodological problems that may occur. 
Methods 
Multiple databases were searched including PubMed, OVID (including MEDLINE, 
EMBASE and PsycINFO), the Cochrane Library and the National electronic Library for Health.  
The key words "asthma”, “occupation” and “population” identified 290 studies.  The original 
criterion was general population based studies but this was expanded to include reviews, 
studies of armed forces and other large scale studies of occupational asthma.   The titles and 
abstracts of these papers were scanned and 245 were excluded as duplicates, not in English 
or not relevant.  The reference lists of the 45 remaining papers were searched and a further 
19 papers identified as suitable for review.  In addition the current publication list from the 
European Community Respiratory Health Survey website was downloaded and scanned for 
papers of potential relevance.  This identified a further five papers relevant for this review.   
 The relevant papers (n=69) included 3 reviews, 13 longitudinal studies, and 53 cross-
sectional studies (12 of these based on national surveillance data).  The review process is 
shown in the Figure 2.1. 
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Figure 2.1: Flow diagram of the review process: 
  
290 potentially relevant studies 
 
45 relevant papers 
 
245 excluded as not 
relevant from title & 
abstract 
5 from ECRHS 
publications list 
19 additional 
papers identified 
from reference lists 
69 relevant papers 
 
53 Cross-
sectional 
(8 ECRHS) 
(12 National 
surveillance 
schemes) 
 
13 
Longitudinal 
Studies 
(6 ECRHS ) 
 
3 Reviews 
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Systematic Reviews of occupational asthma: 
The literature search identified three published systematic reviews of studies 
focusing on occupational asthma.  A 1999 review (Blanc 1999) included a review of PAR 
estimates from 1966 through to May 1999.  The keywords used for their search were 
“asthma” and “risk” and “occupation”.  Any papers with a published PAR were included and 
for papers without an attributable risk this was extrapolated where possible using estimates 
of the incidence rates of occupational asthma.  The papers were also ranked using a semi-
quantitative assessment of study quality in order to see if the PAR estimates changed if only 
high quality studies were used.  This review presented 43 attributable risk estimates from 19 
different countries, (23 of which were published estimates, and a further eight of which 
were derived from available published data).  Twelve other studies provided sufficient 
incidence data to extrapolate an attributable risk.  The median attributable risk for 
occupational asthma from these estimates was 9%, (inter-quartile range 5%-19%).  Using 
only the 12 highest quality studies the median attributable risk was 15%.     
A update of the Blanc et al review was published in 2009 (Toren et al. 2009).  In this 
update the authors aimed to highlight more recent data on occupational attributable risk in 
asthma.  The review examined literature published between June 1999 and December 2007, 
avoiding overlap with the previous review.  Six additional longitudinal general population-
based studies, three case-control studies and seven general population-based samples were 
identified.  The same methods were used to obtain PARs from these studies.  Additionally 
they performed an integrated analysis of 10 studies from the previous review and the newer 
studies identified.  This gave a PAR range of 7%–51% (median of 17.6%).  Using only the 
longitudinal studies the median was 16.3%. 
Another review of the literature was included in a statement by the American 
Thoracic Society (ATS).  The ATS reviewed the published literature in order to obtain articles 
published before January 2000, which reported a PAR or with sufficient data for this to be 
calculated (Balmes et al. 2003). Twenty-one articles were found with a PAR range from 4% 
to 58% (median of 15%).  This was in agreement with the median PAR from the 12 best 
quality studies from the Blanc & Toren review in 1999.   
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European Community Respiratory Health Survey (ECRHS) 
Cross-sectional ECRHS studies: 
There are few large scale population-based cohort studies of asthma.  One of the largest 
is the European Community Respiratory Health Survey (ECRHS).   This is an ongoing multi-
centre study from 29 centres in 14 countries, mostly in Europe, focusing on young adults 
aged between 20 and 44 at recruitment.  The ECRHS began in 1990 and its stated aims were 
to: 
 estimate variations in prevalence of asthma, asthma-like symptoms, atopic 
sensitisation and bronchial responsiveness 
 estimate variations in exposure to known or suspected risk factors for asthma and 
assess how they explain variation across Europe 
 estimate variations in treatment for asthma in Europe (Burney et al. 1994) 
Using available population based registers, a random sample from each centre of 3000 
adults aged 20 to 44 were sent a short postal questionnaire.  From the responders around 
600 men and women were recruited from each centre (26,000 in total) to undergo a more 
detailed assessment.  This included an interview administered questionnaire, and clinical 
examinations (methacholine challenge tests, lung function tests and blood taken for specific 
IgE).  A nine-year follow up (ECRHS 2) was completed in 2002 on around 10,000 young 
adults who had taken part in the clinical examinations at baseline.  Similar assessment was 
made, and data was available on about 10,000 young adults.  
Many papers have been published from the ECRHS study and many of these mention 
occupational exposure.  However for this review it was decided to focus only on those that 
either directly addressed the problem of work-related asthma, or where work-related 
asthma was a substantial portion of the paper.   
Eight cross-sectional analyses that used ECRHS 1 data to look at the association between 
asthma and occupation (or included this as a substantial part of the paper) were identified 
(shown in table 2.1).  The earliest of these was a 1996 paper using data from the Spanish 
section of the ECRHS (Kogevinas et al. 1996).  Using 2,646 subjects the authors aimed to 
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determine the causes and estimate the risk of asthma attributable to occupational 
exposures.  They compressed the current job into one of 21 occupational groups.  These 
groups were based on a paper by Sarah Meredith (Meredith 1993).  She had used data from 
SWORD to compress jobs into 16 "occupational sets" that aimed to collapse all possible 
codes for the same occupation (e.g. laboratory technician, a laboratory assistant, or a 
foreman laboratory).  This was done in order to increase the numbers in each analytical 
group and increase the power to detect associations whilst minimising misclassification.  
 
Occupations with an increased risk of asthma were working as laboratory technicians, 
spray painters, bakers, plastics and rubber workers, welders, and cleaners.  An overall risk of 
asthma attributable to occupational exposures was 5.0%, using the asthma definition 
“bronchial reactivity and a report of wheezing or whistling in the chest during the last 12 
months".  This was slightly higher (6.7%) when “a report of asthma-related symptoms or 
medication” was used instead of wheeze to define asthma.   
 
A study using the Australian arm of the ECRHS included 204 cases of self-reported 
current asthma and 553 controls (Abramson et al. 1996).  Occupational exposure was 
defined as reporting ever working in a job with exposure to vapours, gas or dust, or 
changing jobs because it affected breathing or work making the chest tight or wheezy.   An 
asthma prevalence of 25.5% was observed but only a modest increase in the risk of asthma 
was observed for a current occupational exposure.   The majority of this association was for 
those reporting that their “work made the chest tight or wheezy” (OR 3.5 95% CI 2.2-5.4).  
This may be due to nature of the work carried out by this sample, the majority of current 
jobs were low risk for asthma occupations.  The authors observed that the chest tightness 
and wheezing is more likely to represent work-exacerbated asthma than true occupational 
asthma. 
 
Other cross-sectional ECRHS studies were carried out in New Zealand (Fishwick et al. 
1997), Sweden (Blanc et al 1999) and Holland (de Meer et al. 2004).   A study using the 
Spanish arm of the ECRHS was described in the previous review as it made use of the Susan 
Kennedy ASJEM (Zock et al. 2004).  Two cross-sectional studies that used international data 
from the ECRHS 1 were identified (Blanc et al. 2003;Kogevinas et al. 1999).  Kogevinas et al 
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used a random sample of 15,637 people from 12 industrialised countries of the ECRHS 1 to 
look for occupations with a high risk of asthma.  The current job was grouped in a similar 
manner to the Fishwick et al paper, with the reference group being professional or 
administrative workers.  Occupations with a greater risk of asthma were; farmers, painters, 
plastic workers, cleaners, spray painters, & agricultural workers.  An overall PAR of 5-10% 
was estimated.   
 
Blanc et al investigated work-related symptoms and disability due to respiratory disease 
in 17,567 participants on ECRHS 1.   Work-related respiratory symptoms were defined as 
self-reported wheeze or chest tightness at work.  Current occupational exposure was 
defined using a JEM created for inhalants associated with a greater respiratory risk, 
particularly for causing asthma.  The reference group was occupations with a likelihood of 
low exposure such as administrators, teachers, accountants, clerks and secretaries.  In this 
international cross-sectional study 10% of the sample reported wheeze at work with wide 
international variations (range 4-15%).  An increased risk of respiratory symptoms was 
observed in those exposed to vapours, gases, dust, or fumes (PR, 2.1; 95% CI 1.8–2.4), 
workplace ETS (PR 1.4; 95% CI 1.2-1.5) and high-risk jobs defined by the JEM (PR 1.3; 95% CI 
1.04-1.7). 
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Longitudinal ECRHS papers: 
Six studies used longitudinal data from both ECRHS 1 & 2, these are tabulated in table 
2.1. The earliest, using the Spanish arm of the ECRHS 1 & 2, (Basagana et al. 2001b) aimed to 
determine the incidence of asthma and its causes.  Following up 1640 disease free 
participants of ECRHS 1, self-reported incident asthma was estimated at 5.5 (95% CI, 4.3– 
7.2) per 1,000 person-years.  Current occupational exposures at baseline were defined using 
a JEM.  The risk of asthma was greater for those exposed to medium or high occupational 
exposure but this did not reach statistical significance.   
A longitudinal study using the two phases of the ECRHS study focused on a specific 
occupational group, nurses and other healthcare workers (Mirabelli et al. 2007).  Using a 
sample of 408 healthcare workers who were symptom-free at the ECRHS 1 they looked to 
see how many had developed asthma by ECRHS 2.  When compared to always working in a 
professional and/or administrative job, increased risks of developing asthma were seen in 
hospital technicians (RR 4.63; 95% CI 1.87 to 11.5) and in those using ammonia and/or 
bleach at work, a cleaning related exposure (RR 2.16; 95% CI 1.03 to 4.53).   
Another study focusing on a specific occupational group was a 2008 study looking at 
welders in the two phases of the ECRHS.  The aim was to assess if welding at work increased 
the prevalence of asthma symptoms (Lillienberg 2008).  Welding at work was carried out in 
102 ISCO-88 codes but only 7% of them actually called themselves “welders and flame 
cutters”, the majority performed welding as part of a job in construction (20%) or as an 
industrial mechanic (17%).  Welding at work during the follow-up period was not associated 
with an increased reporting of current asthma symptoms or wheeze.  There was an 
association with chronic bronchitis symptoms (PR = 1.33, 95% CI 1.00–1.76).  However this 
was based on a small sub-sample of 316 males. 
 An international study in 2007 was discussed in the review of all papers to use the 
ASJEM (Kogevinas et al 2007).  The PAR due to occupational exposures calculated by this 
study ranged from 10% to 25%.  This is higher than those calculated using cross-sectional 
data from the ECRHS 1, suggesting that the cross-sectional studies may underestimate the 
amount of asthma due to occupational studies.   
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Occupation was identified as a risk factor for the severe exacerbations of asthma 
(Henneberger et al. 2010).   Self-reported physician diagnosis of asthma plus symptoms was 
used to define current asthma at the time of the ECRHS 2.  Severe exacerbation of asthma 
was defined as self-reported unplanned care for asthma in the past 12 months.  
Occupations from the last 12 months (ISCO-88) were grouped by industry and used with a 
general-population JEM, with a semi-quantitative exposure levels (i.e., no, low, and high).  
The reference groups were defined as always professional or administrative work or for the 
JEM, no exposure.  This was based on a sample of 966 people with asthma from ECRHS I &2 
and 74 reported at least one severe exacerbation event, for a one-year cumulative incidence 
of 7.7%.  Most of the high-risk jobs identified were manual jobs (RR=1.4, 1.1-1.8) as well as 
‘food processing’ and ‘health care’ jobs. Biological dust exposure both high and low, high 
mineral dust exposure (RR=1.8, 95% CI 1.02-3.2) and high gas and fumes exposure (RR=2.5, 
95% CI 1.2-5.5) were also significantly associated with an increased risk of severe 
exacerbation of asthma.  The estimated PAR for the occupational contribution to severe 
exacerbation of asthma was 14.7% among workers with current asthma. 
 
A recent paper using a sample of 4588 people from the ECRHS 1 & 2 aimed to assess the 
risk factors for the development of new-onset asthma and to compare them according to 
atopy (Antó et al 2010).  All those with a history of respiratory symptoms at ECRHS 1 were 
excluded and new-onset asthma was defined as ‘ever asthma’.  A range of potential risk 
factors for asthma were considered, including occupational exposures.  Employment status 
during the entire follow-up period was used and exposures were grouped by potential 
asthma risk (high/moderate/low) as in the Kogevinas et al 2007 study.  Only having worked 
in professional, clerical, or administrative jobs were considered low-risk and used as the 
reference group.  There were 179 cases of new-onset asthma but there was no statistically 
significant association between high-risk occupations and new-onset asthma.  After 
stratification by the presence of atopy at baseline, high-risk occupations came close to being 
associated with new-onset asthma (OR 1.78 95% CI 0.99-3.20) in those with atopy. 
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Table 2.1: ECRHS studies of occupational asthma 
Authors Region n Asthma Definition 
Exposure/ occupational 
Definition 
Reference 
group 
Results 
Cross – sectional  
Kogevinas M et 
al. (1996) 
Spain   2,646  
Asthma= 1) bronchial reactivity 
& report of wheezing /whistling 
in last 12 months & 2) bronchial 
reactivity & report of asthma-
related symptoms or 
medication. 
current occupation -  21 
occupational sets 
- 
Highest risk = lab techs, spray painters, bakers, plastics 
& rubber workers, welders, & cleaners. Estimates of 
the attributable risk for adult onset asthma were 
higher.   
Abramson, M 
et al (1996) 
Australia 
553 controls 
204 cases 
Current asthma, defined as BHR 
and wheeze in the preceding 12 
months 
Current occupational 
exposure 
 
Current asthma =25.5% Risk factors -  female gender, 
maternal asthma, smoking, hayfever, early respiratory 
infection, occupational exposure, atopy  
D Fishwick, et al 
(1997) 
New Zealand 
1609  (aged 
20-44) 
Asthma-wheezing in the 
previous 12 months; symptoms 
related to asthma; BHR; BHR 
with wheezing in the previous 
12 months; BHR with symptoms  
Current occupation - 21 
occupational groups 
based on SWORD, high 
risk group of 
occupations created 
Professional, 
clerical,& admin 
workers 
4) Farmers & farm workers (OR 4.16, 95% CI 1.33-13.1) 
Increased risks for lab techs, food processors (other 
than bakers), chemical workers, & plastic& rubber 
workers.  
Blanc et al 
(1999) 
Sweden  
2,065, SPT 
=1,562   
BHR/SPT to define asthma 
Respiratory work disability was 
defined “reporting a job change
 
or work loss due to breathing 
affected by a job.” 
Employment of greatest 
respiratory risk - 1) job 
changed because it 
affected breathing, 2) 
job with exposure to 
VGDF, 3) current job. 
A prior “low-
risk” jobs 
defined using 2 
JEMs “asthma 
matrix”&   
 “dust matrix”  
“High risk” jobs associated with a risk of disability (PR 
1.8; 1.1 -3.0), as was self-reported ETS at work (PR 1.8;
 
1.1- 3.1) & self- reported job exposure to VGDF (PR 
4.3; 2.2-8.6).   
Kogevinas M et 
al (1999) 
26 areas in 12 
industrialised 
countries 
15,637 
Asthma = BHR & questionnaire 
1) Asthma = BHR & symptoms/ 
medication 
2)symptoms/medication 
Current occupation 
codes - aggregated into 
30 sets, similar to 
SWORD.  specific 
airborne pollutants - 
reported exposure to 
VGDF &  JEM   
group of 
professional, 
administrative, 
&  clerical 
workers  
Farmers (OR 2.62, 1.29-5.35), painters (OR 2.34, 1.04-
5.28), plastic workers (OR 2.20, 0.59-8.29), cleaners 
(OR 1.97, 1.33-2.9), spray painters (OR 1.96, 0.72-
5.34), & agricultural workers (OR 1.79, 1.02-3.16). 
Excess risk for exposure to biological dusts, mineral 
DGF 
Blanc et al 
(2003) 
ECRHS 1  
16 countries 
17,567 
work-related RS=  self-reported 
wheeze or chest tightness at 
work, work-related disability = 
job change due to breathing 
difficulties at work 
current job or most 
recent job +  JEM + self-
report of VDGF 
Low risk job 
Wheeze at work = 10%, Work-related respiratory 
disability=4% VGDF= risk of respiratory symptoms at 
work (PR, 2.1; 95% CI 1.8 –2.4). Workplace ETS= 
symptoms(PR, 1.3; 95% CI, 1.2 to 1.5)  
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De Meer et al 
(2004) 
Holland  1,906 
'current wheeze', BHR, 'current 
asthma' (wheeze+ BHR), 'chronic 
bronchitis' & lung 
function 
Current job - JEM – 3 
level - organic dust, 
mineral dust, and 
gases/ fumes 
JEM -  non-
exposed 
Organic dust exposure = more 'current asthma' (OR 
1.48, 95% C.I. 0.95; 2.30).  Risk was four-fold greater 
than in subjects with either atopy or exposure alone. 
Mineral dust exposure  
Zock, J P et al  
(2004) 
 
Spain 2661  
respiratory symptoms – ever 
asthma, current asthma 
symptoms & wheeze in the last 
year, medication 
Work or principal 
activity in the last 12 
months-General JEM & 
ASJEM 
unexposed 
according to all 
categories of 
the JEM. 
HMW flour dust, enzymes, mites & animal-derived 
proteins were positively associated with asthma 
outcomes. High exposure to biological dust associated 
with asthma.  
Longitudinal 
Basagana et al 
(2001) 
 
Spain 
1,640 
Disease free at ECRHS 1. 
Incident asthma = self-report 
ever asthma + last 12 months + 
BR 
job held between 1991-
1993  - JEM (medium 
and high) 
Low JEM 
exposure 
Asthma incidence= 5.5% per 1,000 person-years. There 
was no significant association with occupational 
exposures. 
Mirabelli MC et 
al (2007) 
22 centres in 
10 European 
countries 
408  
Nurses/healt
hcare 
New-onset asthma=current 
asthma in those symptom free 
at baseline. 
  
 Ever nurse + additional 
questions 
Always  
professional & 
/or admin  
Increased risks among hospital technicians (RR 4.63; 
1.87 to 11.5) & among those using ammonia & /or 
bleach at work (RR 2.16; 1.03 to 4.53).  
Kogevinas M; 
Zock, JP et al 
(2007) 
 
 
22 centres in 
10 European 
countries 
6837 
baseline  
asthma free 
Current asthma = asthma 
attack/ medication last 12 
months, BHR  
Occupational history 
between ECRHS 1 & 2 
1) ECRHS groups  
2) ASJEM & 3) 
inhalation accidents. 
Always 
professional, 
clerical, or 
admin   
 
Any exposure to substance known to cause asthma 
(RR=1·6, 1·1–2·3). Significant excess risk seen for 
nursing (RR 2·2, 1·3–4·0), reporting an acute 
symptomatic inhalation (RR=3·3, 95% CI 1·0–11·1), 
Cleaning products  1·80 (1·01–3·18), LMW & HMW 
Lillienberg L et 
al (2008) 
random 
population of 
ECRHS 2 
316 male 
welders 
Self-reported asthma symptoms 
or medication in the last 12 
months’ Wheeze & Chronic 
bronchitis  
Cumulative exposure to 
welding fumes for the 
follow-up period  
External 
reference group 
- no welding at 
work or at 
home.  
Welding was not associated with asthma symptoms or 
wheeze but association with chronic bronchitis 
symptoms (PR = 1.33, 1.00–1.76).  Higher asthma 
prevalence in reference group 
Henneberger 
PK et al (2010) 
European and 
US 
966  
Current asthma = physician 
diagnosis + one other symptom.  
Severe exacerbation = self-
reported unplanned care in the 
past 12 months. 
All occupations past 12 
months -1) grouped by 
industry. 2)  General-
pop. JEM 3) Self-
reported jobs that had 
ever made their chest 
tight or wheezy    
Always worked 
in  professional, 
clerical &   
Admin  
low (RR=1.7, 1.1-2.6) & high (RR=3.6, 2.2-5.8) biological 
dust exposure, high mineral dust exposure (RR=1.8, 
1.02-3.2), & high gas & fumes exposure (RR=2.5, 1.2-
5.5). The summary category of high dust, gas, or fumes 
exposure had RR=3.1 (1.9-5.1) 
Antó JM et al 
(2010) 
Asthma free 
at ECRHS 1 
4588  
Asthma/respiratory free at 
baseline. New-onset asthma= 
ever asthma in ECRHS II or last 
12 months’ & /or medication 
Occ. exposure status 
during follow-up. List of 
occupations that 
potentially have high 
risk of asthma.  
exclusively in 
professional, 
clerical, or 
admin (low risk) 
High-risk occupations only close for significant for 
atopic. The proportion of new-onset asthma 
attributable to atopy varied from 12% to 21%.   
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Other Longitudinal Analyses: 
 In addition to the longitudinal ECRHS papers seven other longitudinal studies were 
identified (table 2.2).  One, a cohort study with 2819 subjects from Norway used 
participants aged 15–70 years in 1985 and followed them up 11 years later (Eagan et al. 
2002).  The incidence of respiratory symptoms and asthma were defined via a postal 
questionnaire with a positive response to "having been hospitalized or treated by a 
physician for asthma" plus questions about respiratory symptoms. Occupational exposure 
information was limited to a self-report of occupational exposure to asbestos, “dust or 
fumes in the air” and lifetime exposure to quartz or stone dust.  Compared to those not 
exposed those reporting occupational exposure to dust and fumes had an odds ratio that 
varied between 1.4 (95% CI 1.1-1.7) for developing respiratory symptoms and 2.1 (95% CI 
1.3-3.2) for asthma.  The PAR for dust and fumes was between 5.7% and 19.3% of the 
incidence of respiratory symptoms and 14.4% of the incidence of asthma.   
Other longitudinal studies, include a Spanish cohort followed up over two years 
(Casas et al. 2008).  Over two years (January 2002 to December 2003), patients in health 
districts in North Barcelona with a first diagnosis of adult-onset asthma were invited to 
participate and followed up two years later.  During the selection period 379 adults from a 
population of 68,067 sought attention for asthma, 218 for new adult onset asthma, giving 
an incidence of 160 per 100 000 per year.  A control group of patients without respiratory 
disease was also established using adults attending clinics in the participating health 
districts during the selection period.  Of the new onset asthma cases 152 (70%) agreed to 
participate along with 150 controls.  Atopy (defined by SPT) was present in 40% of cases and 
14% of the cases were diagnosed as occupational asthma.  The occupations most commonly 
identified with asthma were domestic cleaning, hairdressing and welding.   
A true longitudinal study called the Singapore Chinese Health Study, evaluated the 
role of occupational exposures in asthma, chronic bronchitis, and respiratory symptoms  in 
52,325 people aged 45-74 years (Le Van et al. 2006).  This cohort was recruited between 
1993 and 1998 and information on health, occupation and occupational exposure was 
collected.  Respiratory outcomes were collected at follow-up interviews between 1999 and 
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2004.   Asthma was defined as self-reported physician-diagnosed adult-onset asthma (n = 
1,426).  Information on self-reported physician-diagnosed childhood asthma (n=878) was 
collected and excluded from analyses.  Occupational exposures were assessed using 45 
questions regarding current or previous jobs and exposures plus corresponding questions on 
duration of exposure.  An increased risk of adult-onset asthma (as compared to unexposed 
subjects) was found for exposure to dusts from cotton, wood, metal, minerals, and/or 
asbestos (OR 1.14, 95% CI: 1.00-1.30) and vapour exposure from chemical solvents, dyes, 
cooling oils, paints, wood preservatives, and/or pesticides (OR 1.34, 95% CI: 1.15-1.56).   
Two large scale true longitudinal studies of occupational asthma focused on current 
or previous military personnel.  While these are not representative of a general population, 
being mostly young healthy men, such studies have the advantage of large numbers and 
very high response rates.  One of these was a survey on Israeli men, all of who were 
required to undergo national service (Katz et al. 1999).  All new 17 year old recruits between 
January 1, 1992, and December 31, 1994 underwent a medical examination.  Those with 
asthma and/or bronchial hyper-reactivity were excluded and all others were followed up for 
respiratory symptoms over the next 30 months.  They recruits military duties were classified 
as either, combat units (“very intensive physical activities, living in the field, and exposure to 
both specific and nonspecific environmental hazards”), maintenance units (“moderate 
physical activities and exposure to nonspecific environmental hazards (mostly gases, fumes, 
grease, etc)”) or clerical tasks.  One percent of the 59,058 recruits went on to develop 
asthma during the 30 month follow up.   The group with the highest proportion developing 
asthma were combat units (1.2%) and lowest for those performing clerical tasks (0.6%).  The 
authors concluded that the military duties explained 25% of apparently new cases seen in 
this population.   
 A military cohort based in Sweden included all male conscripts, (n=49 321), born in 
the years 1949–51 who were conscripted in 1969/70 (Wiebert et al. 2008).  The authors 
investigated the influence of a diagnosis of respiratory disease in adolescence on future 
health and occupation.  Diagnoses were based on information collected at conscription and 
were rated for severity from a military medicine perspective.  Asthma was classified into 3 
groups of 1) healthy, 2) asthmatics (mild and severe asthma) and 3) subjects with allergic 
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rhinitis without concurrent asthma.  These conscripts were followed up every five years.   A 
JEM for exposure to airway-irritating substances was developed with exposure to 18 agents.  
They found that those with asthma tended to avoid jobs with a high probability of airway-
irritating exposure.  The association was not significant overall (OR 0.88, 95% CI 0.71 to 
1.09).  However working in exposed jobs was less usual if the subject had allergic rhinitis (OR 
0.58, 95% CI 0.47 to 0.70) as compared to healthy or people with asthma.  While this cohort 
is likely to be unrepresentative of the general population (healthy men), its large size and 
long length of follow-up does allow for an estimation of the scale of the “health hire 
effect”/selection bias for a similar time period to the 1958 Birth Cohort.     
 
 Other large European studies that included some longitudinal analysis included a 
Finnish cohort based on national health insurance data (Karjalainen et al. 2001).  Employed 
Finns were followed during 1986–1998, and three consecutive cohorts were created starting 
in the years 1985, 1990 or 1995.   All people aged 25–59 with pre-existing asthma were 
excluded from each cohort and followed up for 5 (or 3) years.  The follow-up data was 
collected from national insurance data and the individuals were linked to census data for 
the same years.  The occupational exposure was based on the occupation held by the 
individual at the time of the census.  Work in an administrative occupation was considered 
to be “unexposed” and the risk for this group was compared to all the other occupations 
combined “exposed”.  They recorded 49,575 incident cases of asthma during this time 
period and calculated PAR due to occupation of 29% (95% CI 25-33%) for men and 17% (95% 
CI 15-19%) for women.  This is in line with the PAR calculated by the longitudinal ECRHS 
study (Kogevinas et al 2007) but higher than those calculated in the two review papers 
(Blanc 1999;Toren & Blanc 2009). The authors found an excess risk for those in agricultural 
work, manufacturing work, and service work when compared to administrative work.    
 
An update of these cohorts was published in 2002 using the years 1986-1998 
(Karjalainen et al. 2002).  Using the same cohorts, the asthma risks were determined at the 
most-detailed level of occupational classification.  Again non-administrative occupations 
were combined (n=275) and the risks compared to administrative work (n=33) separately in 
men and women.   A significantly increased risk in men was found for bakers, laundry 
workers, shoemakers and repairers, tanners, fell mongers (dealers in hides or skins) and pelt 
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dressers, and metal plating and coating workers.  In women an increased risk was seen for 
shoemakers and repairers, railway and station personnel, jewellery engravers, engine room 
crew, molders, round-timber workers, and bakers.  
 
Longitudinal population-based studies of occupational asthma were rare.  Thirteen 
were found for this review, of which six were based on ECRHS data.  None focused 
specifically on the British population, although the international ECRHS papers included two 
centres in the UK.  Two of the longitudinal analyses used military personnel and their 
exposures are not typical of those in the general population.  The major occupations, 
occupational groups and occupational exposures found to be risk factors for asthma in these 
longitudinal analyses are shown in tables 2.2 and 2.3.  The majority of these studies are 
based on two time points only and with fewer than 15 years of follow-up.  While some 
collected information at entry to the workforce, most only had retrospective (if any) 
information about early working exposures.  None had anything but retrospective data for 
health outcomes before entry to the workforce.  
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Table 2.2: Longitudinal studies of occupational asthma (not ECRHS) 
Authors Region n Asthma Definition 
Exposure/ occupational 
Definition 
Reference 
group 
Results 
Eagan, T et 
al (2002) 
Norway 2819  
Asthma= hospitalized/ 
treated by
 
a physician for 
asthma + questions
 
about 
respiratory symptoms  
Self-report (1) dust or
 
fumes 
(2) asbestos
 
dust (3) quartz
 
dust or stone dust + work 
history interview  
Non-exposed 
dust or fumes = OR varied between 1.4
 
(1.1, 1.7) &  2.1 (1.3, 3.2) 
for developing respiratory symptoms
 
or asthma  
Katz, I 
(1999) 
Israel 
59,058 
male 
recruits 
Pre-existing asthma 
excluded, 30-months 
follow up by chest 
physician  
Combat units (CUs) – exercise 
+ some exposure Maintenance 
units (MUs) – some exercise + 
VDGF exposure 
Clerical tasks 
1.0% developed asthma, CUs= 1.2%, MUs =0.8%, clerical tasks = 
0.6%. MUs RR to clerical = [(0.8 to 0.6%)/0.8%].The annual 
incidence of OA in MUs was found to be 800/million: 5 to 6 times 
the rates reported elsewhere.  
Wiebert P et 
al (2008) 
Sweden 49 321   
Diagnoses at conscription 
&  asthma rated for 
severity 1) healthy, 2) 
asthmatics (mild &  severe 
asthma) & 3) subjects with 
allergic rhinitis  
Information on occupation for 
each conscript, at every 5
th
 
year.  JEM for airway-irritating 
substances  
 
The prevalence of total asthma was 1.8%, severe asthma 0.45% & 
allergic rhinitis 2.7%. Those with asthma tended to avoid jobs with 
a high probability for airway-irritating exposure (OR 0.88, 0.71 to 
1.09), but not to the same extent as subjects with allergic rhinitis 
(OR 0.58, 95% CI 0.47 to 0.70) (ORs from 1990).  
KarjalainenA 
et al (2001) 
Finland 
49,575  
incident
 
cases of 
asthma 
Incident cases of OA from 
the Finnish Registry of 
Occupational Diseases , 
census data for control 
Occupation at time and causal 
agent.  
Admin workers 
compared to 
everyone else 
The
 
risk was increased especially in agricultural work, 
manufacturing
 
work, & service work. The analysis identified a large 
number of occupations with
 
significant excess of asthma incidence.  
Karjalainen 
A et al 
(2002) 
Finland 
49,575  
incident
 
cases of 
asthma 
Incident cases of OA from 
the Finnish Registry of 
Occupational Diseases , 
census data for control 
Occupation at time and causal 
agent 275 non-administrative 
occupations  
admin work 
(33 
occupations). 
Men = risk was highest among bakers, laundry workers, 
shoemakers & repairers, tanners, fell mongers & pelt dressers, & 
metal plating & coating workers. Women = risk was highest among 
shoemakers & repairers, railway & station personnel, jewellery 
engravers, engine room crew, moulders, round-timber workers. & 
bakers. 
Casas X et al 
(2008)  
Spain 
68 067 
adults – 
followed, 
152 cases 
Incident cases of asthma 
+medical exam and occ 
potentially risky 
 
Identification of asthma was 
followed by comparison of the 
occupational &  domestic 
exposures in patients  
Subjects 
without any 
respiratory 
disease who 
formed the 
control group 
OA was diagnosed in 19 cases (14%). Household cleaning was the 
occupation most frequently associated with the disease atopy and 
in a risky occupation when the disease was diagnosed (OR, 5.54; 
1.05–29.11) were associated with chronic disease. 
Le Van TD et 
al (2006) 
Singapore 52,325 
Asthma =physician-
diagnosed adult-onset,  
referent group = no 
symptoms   
baseline questionnaire current 
or previous jobs &  exposures  
Non-exposed 
adult-onset asthma= Exposure to dusts from cotton, wood, metal, 
minerals, & /or asbestos (OR = 1.14, 1.00, 1.30), Vapour exposure 
from chemical solvents, dyes, cooling oils, paints, wood 
preservatives, & /or pesticides was associated with adult-onset 
asthma (OR = 1.34, 1.15, 1.56).  
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Cross-sectional studies Europe: 
A much wider range of cross-sectional studies looking at occupational asthma were 
found.  Eight cross-sectional ECRHS papers have been discussed above and an additional 41 
cross-sectional studies were indentified.  The most important of these will be discussed by 
region and all are included in table 2.3.   
UK: 
In addition to surveillance scheme studies, two population based cross-sectional 
studies were identified for the UK (Bodner et al. 1998;de Bono 1999) . The de Bono paper 
was discussed earlier and its main finding was that overall 4% of the patients with adult 
onset asthma had a diagnosis of OA, although in nearly half these cases the diagnosis had 
been made by a general practitioner and not a specialist.   
 
The Bodner et al paper used a case-control design nested within a longitudinal 
survey to investigate risk factors for adult onset wheeze (with doctor diagnosed asthma as a 
subgroup).  Participants aged 39-45 were asked whether their respiratory symptoms were 
related to work.  Using data from this study the Blanc and Torén 1999 review calculated an 
occupationally related attributable risk for asthma of 20%.   
France: 
The oldest European study identified was from France (Krzyzanowski et al. 1988).  
This large scale study focuses on the risks from moderate occupational exposure to dust, 
gases or chemical fumes on the prevalence of respiratory symptoms and ventilatory 
function.  Data from a 1975 study called the French Pollution Atmosphérique et Affections 
Respiratoires Chroniques (PAARC) was used.  Asthma was defined through interview 
questions (‘have you ever had asthma?') and around 95% of participants had spirometric 
measurements.  Unusually, this study focused on moderate exposures and so it excluded all 
households that were 'headed' by manual workers in order to rule out potentially high risk 
occupational exposures.  They found a significant 50% increase in chronic cough, chronic 
bronchitis and wheezing prevalence in the exposed group compared to the never exposed, 
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but differences from asthma were not significant, perhaps due to the exclusion of the 
manual workers.  
Further work on the same PAARC survey was carried out more recently using the 
ASJEM to define occupational exposures, and this was discussed in the ASJEM literature 
review (Le Moual et al. 2004).  A cross-sectional analysis carried out in France estimated the 
prevalence of reported asthma symptoms in 2406 elderly people  (Nejjari 1996).   This 
varied from many of the studies as it collected a retrospective occupational history and used 
the main lifetime occupation, grouped into 8 categories (farm workers, farm managers, 
manual workers, craftsmen and shopkeepers, domestic service workers, intellectual service 
employees, housewives and other) to define exposure.  This study may have problems with 
recall bias as an older study population (all aged 65 and over) was asked to remember 
previous occupations. Former farm workers appeared to report more asthma (lifetime and 
current), and had significantly increased risks of developing asthma when compared to 
white collar workers.  
Scandinavia: 
A Norwegian population-based study of adults age 15-90 was carried out in between 
1987 and 1988 (Bakke et al. 1991).   Further analysis was done on this survey and published 
in 2001 (Bakke et al. 2001).   This survey was aimed at estimating the importance of 
occupational exposures to airborne agents in the development of obstructive lung disease.  
This study did not focus exclusively on occupational asthma as there were too few subjects 
with OA and exposure.  Asthma was combined with all chronic obstructive lung disease and 
referred to as obstructive lung disease.  The study was carried out as a two phased cross 
sectional survey.  The first phase was a postal questionnaire to around 5000 people asking 
about smoking, occupational exposure to dust or gas, and respiratory disorders. A second 
phase was carried out on 1512 responders who were invited for clinical and spirometric 
examination.  The prevalence of asthma in this population was 2.4%.  The first paper in 1991 
reported that 29% of the populations reported exposure to dust or gas at work.  This was 
associated with an increased risk of respiratory disorders (OR 1.6-1.9) and a PAR of between 
11-19%.  The more recent paper reported that having a job with a high degree of airborne 
exposure was associated with more disease (OR= 3.6; 95% CI 1.3- 9.9) compared with having 
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a job without airborne exposure.  The authors observed that the sensitivity of self-reported 
exposure was higher in those with a respiratory disorder (21% - 64%). 
 
 Five cross-sectional studies were identified in Finland.  Two of these using census 
data were discussed previously (Karjalainen et al. 2000;Karjalainen et al 2001).  One of the 
most recent was a population-based incident case-control study that assessed the 
relationship between adult onset asthma and occupation (Jaakkola et al. 2003).  Between 
1997 and 2000, 521 cases were identified in all health care facilities diagnosing asthma in 
Southern Finland.  In addition, any cases identified by the National Social Insurance 
Institution of Finland were included. Controls (n=932), were randomly selected from the 
source population using the national population registry.  Occupational history, starting with 
current job and working backwards, was collected.  This was classified using ISCO-88 and the 
authors used previous epidemiologic studies and national reports of occupational asthma to 
identify 25 groups of ISCO-88 codes with potential exposure to asthma-causing inhalants. 
Occupational groups were compared to professionals, clerks, and administrative personnel.  
Chemical workers were the only occupational group significantly associated with an 
increased asthma risk (OR 5.69, 1.08,-29.8).  In men a significantly increased risk was seen 
for metal workers (OR-4.52, 2.35-8.70) and for women, the asthma risk was increased for 
waitresses (OR 3.03, 1.10-8.31).  However these results had wide confidence intervals and 
other occupations with increased risks did not reach significance.  This suggests that the low 
numbers of people in the occupational groups may have hidden associations with asthma. 
 
Most studies identified used administrative/office workers as a reference group.   A 
paper looking at the risks of asthma in office workers is therefore of particular interest 
(Jaakkola 2007).  This population-based incident case-control study of adult- onset asthma 
examined the association of office exposures (carbonless copy paper (CCP), paper dust, and 
fumes from photocopiers and printers) and adult onset asthma.  Asthma cases were 
recruited as described in Jaakkola, Piipari et al 2003, for the years 1997 to 2000.  Only those 
whose current job was classified as a professional, clerk, or administrative personnel (ISCO-
88) were included.  During this 3-year period 133 asthma cases were recruited along with a 
random sample from the general population who were also office workers without a history 
of asthma (n=316).  Significantly increased risks of adult onset asthma were observed for 
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exposure to paper dust (OR 1.97; 95% CI 1.25–3.10) with an exposure-response relationship 
observed.  An increased risk of adult onset asthma was also observed for exposure to 
carbonless copy paper (OR 1.66; 95% CI 1.03–2.66).  These findings have important 
implications for occupational studies of asthma; any increased risk in the reference group of 
a study would result in the obscuring of true associations between asthma and other 
occupational groups.  However this baseline risk varies depending on the type of office work 
carried out and the majority of office workers show no increased risk of asthma confirming 
their suitability as a reference group.  
 
A case-control study in Sweden also found an increased risk for asthma in women 
exposed to paper dust as compared to those not exposed to it (Toren et al 1999).  These 
women were mainly administrators with low exposure to paper dust; again these are people 
who would be included in many study reference groups.  Increased risks in office workers 
could be due to the “healthy worker effect”, as individuals with disease move from high risk 
jobs to the lower risk reference group jobs. 
 
Two other cross-sectional Swedish studies were identified, the earliest (Flodin et al. 
1996) focused on bronchial asthma and air pollution in the workplace.  A similar aim was 
explored in a more recent paper from Sweden which aimed to determine whether 
occupational exposure to non-sensitising air pollution at workplaces increased the risk of 
adult onset asthma (Flodin et al. 2004).  Both are included in table 2.3.  
Other European cross-sectional studies: 
 Other studies from Europe include a study from The Netherlands (Vermeulen et al. 
2002) which focused on respiratory symptoms due to occupational exposures.  This study 
used 1104 subjects, aged 20–59 years with a self-report of ever or current asthma.  
Unusually this study used a complete occupational history and looked for associations 
between asthma and the longest held job that had been worked in for more than one year.  
The reference group was again unusual being defined as "occupations with few chemical 
exposures", mostly due to nature of the work in the local area (i.e. mostly industrial).  The 
only association with asthma was a weak association seen in those in “metal” working, 
although the duration of exposure was positively associated with respiratory symptoms.   
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A Spanish cross-sectional community based study from North Barcelona (Monso et 
al. 1998) collected information on self-report of occupational asthma.  All those reporting 
asthma and who had clinically relevant occupational exposures were offered a medical 
examination.  This was used to diagnose occupational asthma and included SPTs, spirometry 
with reversibility and peak expiratory flow rate at and away from work.  Asthma was 
associated with occupational exposure to leather (OR 12.8 95% CI 4.4-37.4), animals (OR 
10.3 95% CI 1.6, 65.2), dyes (OR 5.6 95% CI 2.1-15.3), and flour (OR 4.6 CI 1.3-15.7), but with 
large confidence intervals.   
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Cross-sectional studies – outside Europe: 
The oldest study identified in the United States was published in 1987 (Blanc 1987) 
and used data from the 1978 Social Security Disability Survey.  This survey collected 
information from 6,063 adults aged 18 to 64.  Up to 20 health conditions could be listed and 
for each condition the subject was asked, “Was this condition caused by bad working 
conditions, such as noise, heat, or smoke?”  Of those with asthma 15.4% reported that it 
was attributable to workplace exposures, this was 1.2% of the total survey.  Agricultural and 
industrial occupations showed an increased risk of asthma when compared to other 
occupations. 
 
A US study estimated the number of workers potentially exposed to one or more 
agents within different occupational and industrial groupings (de la Hoz et al. 1997). The 
authors used data from National Occupational Exposure Survey (NOES) of 1980–1983.  This 
survey was comprised of management interviews and inspections of a sample of 4,490 
industrial facilities in the United States. This allowed for an estimation of the numbers of 
workers in the USA exposed to specific workplace agents.  It was estimated that in the USA 
7,864,000 workers were potentially exposed to one or more agents that could cause 
occupational asthma, with an average exposure of 4.4 agents.   
 
A further US study looking at the role of occupational factors on the prevalence of 
self-reported asthma used a sample of 1,226 women over 55 years old (Forastiere et al. 
1998).  Information on self-reported occupational history (current job and longest job), 
adult onset asthma (self-report of diagnosis after 18) and asthma like symptoms was 
collected via a questionnaire.  In addition 820 women undertook tests of lung function. The 
reference group was defined as all women in executive and managerial occupations and 
those in administrative occupations.  Asthma was associated with artists, writers, 
decorators, photographers and service occupations (mostly cleaners) using the longest 
occupation held as the exposure.  The PAR of high asthma risk occupations was 20% (95% CI 
4.7–35.4) and 10.2% (95% CI 0.9–19.5) for occupations with a high risk of asthma-like 
symptoms.  This study only considered women so associations with occupations that are 
dominated by men were not reported.  
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Several papers have been published using data from the National Health and 
Nutrition Examination Survey (NHANES) in the USA.  This is a series of cross-sectional 
surveys designed to assess the health and nutritional status of adults and children.  It 
includes interviews with participants as well as physical examinations of roughly 5000 
people each year.  Two studies focusing on risk factors for respiratory symptoms used data 
from NHANES III, collected between 1988–1994 (Arif et al. 2002;Arif et al. 2003).   
 
The 2002 Arif et al paper used 6827 working participants to estimate the prevalence 
of work related asthma and wheezing and to identify high risk industries.  Work-related 
asthma was defined as a self-report of physician diagnosed asthma and work related 
wheeze was defined using self-reported current symptoms.  A retrospective occupational 
history was collected and occupational exposure was defined as the job held for the longest 
time.  The occupations were grouped into 28 categories by an industrial hygienist.  The 
reference group was defined as industry categories where the potential of exposure to 
asthmagens was low (mainly administrative and finance jobs).  The prevalence of work 
related asthma was 3.7% (95% CI 2.9%-4.5%) and the prevalence of work related wheezing 
was 11.5% (95% CI 9.9%-13.1%).  Work related asthma and wheeze were associated with 
the entertainment industry, agriculture, forestry, and fishing, construction, electrical 
machinery and repair services.  The PAR estimated by industry was 36.5% for work related 
asthma and 28.5% for work related wheezing.  These PAR estimates are higher than most 
given in population based studies and higher than the medians given in reviews of the 
literature. 
 
Other NHANES studies include one from NHANES III (Arif et al 2003), which 
calculated a lower PAR of 26% for work-related asthma and 27% for work-related wheezing.  
A more recent paper used data from 4,585 participants of the NHANES surveys of 2001–
2002 and 2003-2004 to estimate the prevalence of asthma among working adults by 
industry and occupation (McHugh et al. 2010b).  Longest held occupation and industry was 
to be used but this information was missing for two-thirds of the participant so current 
occupation was used instead.  The occupation was grouped and construction workers were 
used as the reference group, as they were a large group with a relatively low prevalence of 
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asthma.  This is an unusual choice as the previous NHANES III paper (Arif et al 2003) 
identified this occupation as a risk factor for asthma.  Construction workers are usually men, 
which was the case in this study (91.3% male).  Therefore as a reference group construction 
workers are not representative of the general population.  Current asthma was defined as a 
self-report of ever having a physician diagnosis and still having asthma and was most 
prevalent in teachers (13.1%) and health-related occupations (12.6%) and least prevalent in 
“agriculture, forestry, and fishing occupations” (1.8%) and “freight, stock, and material 
handlers” (1.0%).  The only significant association was seen for those currently working in 
agriculture, forestry, and fishing occupations, which showed a decreased risk of current 
asthma (OR-0.01, 95% CI: 0.0–0.6).   
 
One study focused on the prevalence of asthma in the elderly Hispanic and non-
Hispanic white population in Texas and found that hay fever was a strong predictor of both 
current and probable asthma (Arif et al. 2005).  Using data from a sample of 3021 Hispanic 
and non-Hispanic participants, asthma was defined as reporting a physician diagnosis of 
current asthma.  Information on a range of risk factors for asthma including longest held 
occupation were  considered including age, sex, income level and a history of hay fever.  The 
longest held occupation was grouped into 7 categories; administrative/ secretarial, health- 
related, teaching, service-related, farm- related, precision production and other 
occupations.  Risk for each occupation was compared with those not working in that 
occupation.  Current asthma was associated with an increased risk for farm-related 
occupations (OR = 2.09, 95% CI 1.00–4.39) and significantly lower among those who 
reported teaching as their longest held occupation (OR = 0.36; 95% CI 0.18–0.74).  This 
contradicts the earlier 2003 paper by Arif et al which found the highest prevalence of 
asthma in teachers.  This may be due to differences in the study populations selected as well 
differences in the reference groups used. 
 
In Canada a study was conducted using the ECRHS protocol to estimate the 
prevalence, PAR, and clinical characteristics of occupational asthma (Johnson et al. 2000).  
Using a randomly selected sample or 18,701 they followed the ECRHS methodology to 
define probable (reporting of a high-risk job at the time of asthma onset) and possible 
(reporting of exposure to a substance that may cause OA while not in a high-risk job at the 
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time of asthma onset) occupational asthma.  The prevalence of probable and possible OA 
was 36.1% amongst those with adult onset asthma.  The association of working in a high-risk 
occupation/industry with the development of adult-onset asthma was OR 1.48 (95% CI 1.05 
to 2.09) with a PAR of 18.2%.  The occupation most commonly reported as associated with 
probable OA was nursing.  Possible OA was associated with clerical work, again this 
suggesting problems with using clerical workers as a reference group. 
 
In South Africa a national survey of adults was used to determine the predictors of 
wheeze, asthma diagnosis, and current treatment in a developing country (Ehrlich et al. 
2005). A nationally representative sample of households was used and data was collected 
from 5671 men and 8155 women over 14 years (defined as an adult). Asthma was defined 
as ever been given the diagnosis by a doctor or nurse and current asthma was defined by 
medication use in the last month with the medication being shown to the interviewer.  
Occupational exposure was defined as a binary variable using the questions “ever worked in 
a job regularly exposed to smoke, dust, fumes or strong smells (for >1 year)’’ or ‘‘ever 
worked underground in a mine’’.  Prevalence of asthma diagnosis was 3.7% for men and 
3.8% for women, occupational exposure was associated with an asthma diagnosis (OR 1.9 
95% CI 1.4-2.4).  The contribution to the burden of wheezing of occupational exposure was 
estimated based on the assumption of causation. The population attributable fraction of 
occupational exposure was 12.2% for recent wheeze and 13.6% for asthma diagnosis, 
similar to that found in studies in Europe. 
 
In New Zealand a cross-sectional telephone survey of 2903 subjects collected 
information on work history, current workplace exposures, and respiratory symptoms based 
on the ECRHS questionnaire (Eng et al. 2010).  Current asthma was based on current 
respiratory symptoms and adult onset asthma was based on asthma started after the age of 
18.  Ever having worked in an occupation and longest held occupation were compared to 
those who had never worked in that occupation. The prevalence of current asthma was 17% 
and the prevalence of adult-onset asthma was 9%.  The occupations associated with an 
increased risk of current asthma were printers (OR 2.3; 95% CI 1.1–4.7), bakers (OR 1.98; 
95% CI 1.02–3.85), sawmill labourers (OR 3.26; 95% CI 1.05–10.16), metal processing plant 
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operators (OR 2.48; 95% CI 1.22–5.05), and cleaners (OR 1.60; 95% CI 1.09–2.35).  Using the 
longest held occupation increased the strength of the associations in most cases. 
 
Two studies from China were identified.  The earliest compared self-reported 
physician diagnosed asthma and self-reported intensity of dust exposure and intensity of 
gas/fumes exposure (Xu et al. 1993).   The observed prevalence of asthma was 3.9% for men 
and 3.8% for women, generally lower than in the European studies.  The attributable risk of 
asthma due to workplace dust exposure was 1.7% and 1.2% due to workplace gas/fumes 
exposure.  The more recent Chinese study looked at occupations and their association with 
asthma in women (Krstev et al. 2007).  The authors used a case-control design as part of a 
large population-based study (Shanghai Women’s Health Study).  Physician diagnoses of 
adult onset asthma were obtained for 1050 cases and these were matched by year of birth 
and age of diagnosis to 4200 controls from the same area.  Adult onset asthma was 
associated with working in production industries for metal tools (OR 2.4; 1.3–4.7), ships (OR 
2.6; 1.0–6.8), and clocks (OR 1.9; 1.0–3.4), and in occupations as farm workers (OR 4.0; 1.2–
13.0), laboratory technicians and analyzers (OR 2.2; 1.2-3.9), and installation and 
maintenance workers for weaving and knitting machineries (OR 2.4; 1.1–5.4), electricians 
(OR 2.1; 1.1–4.1), performers/entertainment workers (OR 3.2; 1.4–7.4), administrative 
workers in organizations and enterprises (OR 1.8; 1.1–2.8), and postal and 
telecommunication workers (OR 3.5; 1.6–7.6).  Again the prevalence of adult asthma in this 
group of women was 1.4%, which is much lower than the prevalences seen in other studies 
in Europe.   
 
Cross-sectional studies have identified a confusing range of different occupations 
that are associated with work-related asthma.  Many of the findings are contradictory and 
some occupations have been identified with both a protective effect and as a risk factor.  
These differences can largely be explained by the range of different methods used as well as 
regional variations.   All the cross-sectional studies identified for this review are shown in 
table 2.3.   
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Table 2.3: Cross-sectional population-based studies of occupational asthma 
Authors Region n Asthma Definition 
Exposure/ occupational 
Definition 
Reference group Results 
de Bono J &  
Hudsmith L 
(1999) 
UK 
6,077  total, 
344 cases 
general practice notes of people  
16 &  65 years with a diagnosis 
of asthma  
 
Occupation recorded at the time 
of diagnosis.   
- 
Nearly a third of people (32%) were in jobs 
known to be significant causes of occupational 
asthma, yet a potential link between their 
occupation & symptoms had only been recorded 
in 18% of patients in these jobs.   
Bodner et al 
(1998) 
UK - 
Scotland 
102 cases,  
217 controls 
 
Doctor diagnosed asthma 
Are respiratory symptoms 
related to work? 
Manual/non manual (SES) 
respiratory 
symptoms 
unrelated to work 
Manual work – (OR=1.59, 95% CI 0.57-4.45)  
Smoking habit was only related to cough and 
phlegm. Atopy was associated with doctor 
diagnosed asthma and cough and phlegm. PAR= 
29% (by Blanc and Torén) 
Krzyzanowski, M 
&   Kauffmann, F 
(1988) 
 
 
France  
16000 
adults from 
PAARC 
Asthma = “ever asthma” + 
spirometric measurements. 
Most recent job = dust, gases or 
chemical fumes Ever exposed= 
dust, gases or chemical  
Never exposed, 
either question 
A significant 50% increase in chronic cough, 
chronic bronchitis, dyspnoea grade 2 & wheezing 
prevalence was observed.  Lung function was 
significantly reduced in exposed men but in 
women a decrease was only observed in those 
with a history of asthma or wheezing.   
Le Moual, N et al 
(2004) 
France 
14,151 
adults from 
PAARC 
1)"ever asthma" 2) asthma after 
14 yrs old, 3) asthma onset after 
beginning current job, 4) asthma 
with airflow limitation 
Current job 1) self-report to 
dusts, gases or fumes, 2) job 
titles, 3) pop. Specific JEM, 4) 
ASJEM. 
2) Admin & 
service jobs 3) 
not exposed 4) 
unlikely exposed 
group 
2) personal care workers, waiters & stock clerks-
ORs=1.5-1.7. 4) ASJEM: Industrial cleaning 
agents: ORs increased from 1.55 for "ever 
asthma", 2.17=asthma after 14yrs, 2.35 =asthma 
after beginning current job, 2.51= 
asthma+airflow limitation. 
Nejjari C et al 
(1996) 
France 2406 
“ever asthma” “current asthma” 
– last 12 months. 
Main lifetime occupation divided 
into 8 categories 
white collar 
workers 
(intellectual 
occupations) 
Former farm workers; 13% reported cumulative 
asthma & 11 % reported at least one asthma 
attack in the previous 12 months. Farmers 
appear to have a higher risk of both cumulative 
OR= 2·30; 1·00–5·47 &  current asthma OR: 5·35; 
1·33–21·50  
Kennedy et al 
(2000) 
France 
EGEA=173 
cases, 285 
controls  
Asthma cases recruited from 
hospital chest clinics, Controls 
selected from electoral rolls 
Current job - ASJEM with expert 
evaluation  
Unlikely exposed 
High risk jobs - original codes OR=1.0 (0.6 to 1.7), 
revised codes OR=1.4 (0.8 to 2.3), applying the 
JEM & subsequently re-evaluating exposure 
estimates from job title texts OR=1.7 (1.1 to 2.7).  
All LMW, all HMW, all mixed,  LMW reactive 
chemicals, LMW industrial cleaning agents 
Monso E et al 
(1998) 
Spain - 
Barcelona 
random 
sample of 
Ever asthma +, chest exam to all 
reported asthma & with clinically 
Self-administered questions on 
occupation- clinically relevant 
 
significant occupational exposure to leather (OR 
= 12.8; 4.4, 37.4), animals (OR = 10.3; 1.6, 65.2), 
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4000 adults relevant occupational exposures.  occupational exposure, 28.9%; & 
respiratory symptoms at work, 
18.3%. 
dyes (OR = 5.6; 2.1, 15.3), &  flour (OR = 4.6 1.3, 
15.7)  
Bakke, PS et al 
(1991) 
Norway 
4992 
questionnai
re, 1512 
clinical  
Respiratory symptoms (cough, 
breathlessness) 
occupational dust or gas  
asbestos 
quartz 
Not exposed 
Twenty nine percent of the population had a 
history of occupational dust or gas exposure,  
OR for the respiratory disorders in subjects 
exposed to dust or gas ranged from 1.6-1.9. PAR 
of occupational dust or gas exposure for the 
respiratory disorders ranged from 11-19%.  
Bakke, PS et al 
(2001) 
Norway 
4992 
questionnai
re, 1512 
clinical  
Asthma = self-report symptoms 
At least one attack in last 6 
months   
Present job 
& the longest job classified to 3 
exposure categories 
Job without 
airborne 
exposure.  
 
job with a high degree of airborne exposure 
increased the OR for obstructive lung disease by 
3.6 (1.3-9.9) Occupational exposures to quartz, 
metal gases, aluminium production &  
processing, &  welding were significantly 
associated with obstructive lung disease -ORs 
between 2.3 &  2.7 
Jaakkola, J et al 
(2003) 
Finland 
521 cases &  
932 controls 
New asthma 1997–2000 from 
health care facilities + verified in 
clinical exam  
 
Current job  - 25 ISCO risk groups 
professionals, 
clerks, and admin 
Asthma risk was increased for both men & 
women in the chemical (OR 5.69, 1.08-29.8). In 
men = metal (OR 4.52, 95% CI: 2.35, 8.70) in 
women = waiters (OR 3.03, 95% CI: 1.10, 8.31).  
Jaakkola, M &  
Jaakkola, J (2007) 
Finland 
133  cases), 
controls= 
316),  
New asthma from health care 
facilities + verified in clinical 
exam  
 
Office workers at diagnosis - 
ISCO-88. Additional questions on 
exposures at work & home. 
controls= random sample of the 
source population control 
Not office 
workers 
Exposures to paper dust [OR 1.97; 1.25–3.10] & 
CCP (OR 1.66; 1.03–2.66) were related to 
significantly increased risk of adult-onset 
asthma. An exposure–response relation was 
observed between exposure to paper dust & risk 
of asthma. 
Flodin U et al 
(1996)  
Sweden 
79 cases, 
304 
referents 
Cases diagnosed at a lung clinic, 
referents from  the population of 
the catchment area 
Current occupation =  
categorized into 4 air pollution 
classes based on self-report 
“clean” work 
tasks 0-33% of 
controls reported 
no exposure to 
DFGs  
3+ years or more of work in air-polluted 
occupations resulted in an OR=3.0 (1.5-6.1) 
compared with “clean”. Exclusion of specific 
exposures such as isocyanates, stainless steel 
welding, or aluminium salts did not change the 
effects 
Toren et al 
(1999) 
Sweden - 
Goteborg 
321 cases. 
Control=1,4
59 
asthma = subjects seeking 
medical care for asthma during 
1983-1986. 
Retrospective self-report of occ. 
Exposure  
25 types of occupational 
exposure 
and to two occupations  
Not exposed 
Risks for asthma were associated with exposure 
to grain dust (OR 4.2, 1.6-10.7) & flour dust (OR 
2.8, 1.1-7.2). Men= flour dust, welding fumes, 
man-made mineral fibres, & solvents. 
Women=paper dust & textile dust. Adjusted 
increased risks were seen for welding fumes (OR 
2.0, 15-3.4), man-made mineral fibres (OR 2.6, 
1.4-7.3) & solvents (OR 2.2, 1.2-3.2).  
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U. Flodin &  P. 
Jönsson (2004) 
 
Sweden 
120 cases, 
446 controls 
Cases - asthma diagnosed by GPs  
 
Retrospective self-report of 
exposures >1 year = JEM 
clean or polluted 
Polluted if > 25% 
of controls report 
exposure to 
“dust, fumes or 
vapours” 
3+ of work in air-polluted workplaces resulted in 
an OR of 1.7 (1.0–2.7).  
Vermeulen, R et 
al (2002)  
The Nether-
lands 
1104 
Current asthma = symptoms in 
last 12 months + 
“Ever” asthma  
longest held occupation worked 
in for more than one year  
exclusive 
employment in 
the category 
"occupations with 
few chemical 
exposures" 
'metal' industry was found to be weakly 
associated with asthma symptoms (OR = 2.59; 
0.87 – 7.69). Duration of employment within 
these industries was also positively associated 
with respiratory symptoms. 
 
Blanc P (1987) USA 6,063 Self-reported current OA   
Employer at the time of the 
interview 
All other 
occupations 
15.4 % of all those with asthma attributed it to 
workplace exposures.  Agricultural and industrial 
occupations= more OA 
de la Hoz RE et al 
(1997) 
USA 
4,490 
industrial 
facilities ~ 
33.4 million 
workers 
National Occupational Exposure Survey (NOES) of 1980-1983 
Worker’s occupation = questionnaire to plant management plus direct obs.  Workers 
could be potentially exposed to one or more of 367 asthmagens  
Estimated 7,864,000 workers potentially 
exposed to one or more occupational 
asthmagens. The average number of potential 
exposures per exposed worker was 4.4, (1.2-
11.9). The largest number of potential exposures 
was in the Apparel & Other Finished Products 
(garment) industry.  
Forastiere F et al 
(1998) 
USA 
California 
1,226 wome
n (Lung
 
function 
from 820) 
Adult asthma=: physician 
diagnosis & current wheezing +  
Asthma-like symptoms= no 
physician diagnosis  
The last & the longest 
occupation grouped
 
into 
13 major occupational groups. 
classified as potentially 
exposed/unexposed to
 
VDGF, or 
sensitizers  
Executive & 
managerial 
occupations & 
admin. 
1) Longest occupation = artists, writers, 
decorators,
 & 
photographers (OR 3.1), & service
 
occupations (OR = 2.4).
 
Nurses & other non-
physician health workers (OR = 2.9), social
 
workers (OR = 2.9), & homemakers (OR = 2.4). 
VDGF/sensitizers associated with increased odds 
of asthma (OR = 1.8)   
Arif, A et al 
(2002) 
USA 
5022 
workers  
Work related 
Asthma=self report physician 
diagnosis  Work related wheeze= 
symptoms  
 
Longest industry in which the 
person worked – classified to 
28industrial categories  
categories where 
the potential of 
exposure to 
asthmagens 
were minimal  
asthma & wheeze = entertainment industry; 
agriculture, forestry, & fishing; construction; 
electrical machinery; repair services; & lodging 
places.   
Arif, A et al 
(2003) 
USA 
5,022 WRA  
&  4,573 for 
WR 
wheezing 
Work related 
Asthma=self report physician 
diagnosis  Work related wheeze= 
symptoms  
 
Longest industry in which the 
person worked – classified to 
industrial categories 29 -  
categories where 
the potential of 
exposure to 
asthmagens 
were minimal  
 
asthma & wheeze = cleaners & equipment 
cleaners (highest risk), farm & agriculture, 
entertainment; protective services; construction; 
mechanics & repairers; textile; fabricators & 
assemblers; other transportation & material 
moving occupations; freight, stock, & material 
movers; & motor vehicle operators.   
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McHugh MK et al 
(2010) 
USA 4,585  
Current asthma –self reported 
doctor diagnosis  
Current occupation &  current 
industry, collapsed to form 
groups based on their potential 
for similar exposures  
construction 
workers  
 
Current occ= agriculture, forestry, and fishing 
(OR-0.01, 95% CI: 0.0–0.6).  Current industry = 
miners (OR 5.2 95% CI 1.1–24.2) & health-
related industries (OR 2.3, 95% CI 1.1–4.8).   
Henneberger PK 
(2003) 
USA - Maine 474  
Current asthma,  = physician-
diagnosed asthma,  + symptoms 
consistent with asthma 
Employed last12 months. Jobs 
were identified a priori as "high-
risk" or "low-risk" for asthma 
"low-risk" for 
asthma 
Of the 64 asthma cases, 16 (25%) reported that 
their coughing or wheezing worsened at work. 
Among the symptom-based cases, the 
percentage with workplace exacerbation of 
asthma was elevated for high-risk jobs (7/14 = 
50%) vs. low-risk jobs (3/22 = 13.6%) (p = 0.03).  
Arif AA et al 
(2005) 
USA -west 
Texas 
3021 
current asthma- self-reported  
physician diagnosis + still have 
probable asthma = symptoms  
Longest held occupation - 
grouped into 7 categories 
Those not in each 
occupation 
Current asthma = farm-related occupations (OR 
= 2.09, 1.00–4.39); lower in those teaching (OR = 
0.36; 0.18–0.74).  Hay fever was a strong 
predictor of both current & probable asthma. 
Syamlal G et al 
(2009)  
USA 
38,000 
households 
= 98,000 
persons  
Lifetime asthma = self-reported 
doctor diagnosis Asthma attack – 
current asthma last 12 months”  
Longest held job grouped by 
occupation & industry  
Occupation 
=secretaries, 
typists, other 
admin Industry =  
insurance, real 
estate, and other 
finance 
Industry groups current asthma = primary metal 
industry (OR 2.19 95% CI 1.1–4.5) & Social 
services, religious, and membership 
organizations (OR 1.27 95% CI 1.0–1.6). occ. 
groups =“Other protective services” (OR 1.58 
95% CI 1.03–2.44)  
Sama S et al 
(2006)  
USA 
HMO 
=54568 
2117 cases  
All potential incident cases of 
adult-onset asthma in HMO 
Current job &all jobs in the past 
year.  Work-related symptom s= 
self-report, exposure assessment 
experts reviewed each job 
Those whose 
asthma is not 
work-related 
29% (95% CI 25–34%) attributable to workplace 
exposures  
26% (21–30%) and 22% (18–27%) of cases had 
asthma attributable to occupational irritant and 
sensitizer exposures, respectively.   
Flattery, J. Et al 
(2006) 
USA – 3 
states 
4,188 
California 
8,628 
Massachuse
tts, 3,830 
Michigan 
Self-reported diagnosis of adult 
onset asthma 
Current asthma 
Told or told by health provider 
asthma was work-related 
Asthma not work-
related from 
census data 
7.4–9.7% of those with current asthma reported 
that their asthma may be work related Estimate 
that approximately 137,000 adults in California, 
39,000 in Massachusetts, and 63,000 in 
Michigan have asthma that may be work related.  
Johnson, AR et al 
(2000) 
Canada 
 18,701, 
2,974 lab  
adult-onset asthma =physician-
diagnosed asthma.  1) Probable 
OA 2) Possible OA  
Occupational history – job at 
asthma onset  
- 
Occupations most commonly reported in 
association with OA were 1) nursing 2) clerical & 
food preparation.  
Ehrlich, R et al 
(2004) 
South Africa 
5671 men &  
8155 
women 
Asthma=physician diagnosis by a 
doctor or nurse Current asthma 
= treatment  
Ever occupational exposure > 1 
year 
“regularly exposed to smoke, 
dust, fumes or strong smells ’’ or 
‘‘ever miner” 
Never 
occupational 
exposure 
Asthma diagnosis reported by 3.7% of men & 
3.8% of women, occupational exposure asthma 
diagnosis: OR 1.9; 1.4-2.4).   
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Caldeira et al. 
(2006) 
Brazil 1922 
WRA = BHR questionnaire on 
exposure 
Asthma = BHR + symptoms 
Self-reported exposure to VGDF, 
other chemicals, temporal 
association with asthma 
No reported 
exposures 
The prevalence of work related asthma was 
4.2%, 1.5% were classified as aggravated asthma 
& 2.7% as OA.  
Eng A et al (2009) 
New 
Zealand 
2903 
Respiratory symptoms - 1) 
Current asthma 2) Adult-onset 
asthma  
= age 18 years or older.  
Lifetime work history 1) Ever 
worked in an occ. 2) current 
occupation at the time of 
asthma-onset 3) longest-held 
occupation  
never worked in 
specific 
occupation 
Current asthma- 17%, printer [OR = 2.26; 1.09–
4.66], baker (OR = 1.98; 1.02–3.85), sawmill 
labourer (OR = 3.26; = 1.05–10.16), metal 
processing (OR = 2.48; = 1.22–5.05), & cleaner 
(OR = 1.60; 1.09–2.35).).  Adult-onset- 9%. 
printer, baker, &  sawmill labourer, market-
oriented animal producer, &  other agricultural  
Ng, TP et al 
(1994) 
 
Malaysia 
787 cases 
asthma &  
1591 non-
asthma 
patient 
control 
bronchial asthma diagnosed in 
five outpatient primary care 
polyclinics 
Previous & current occupations + 
Service & production-related 
occupations overall = exposed.   
non-manual 
professional/ 
technical, admin/ 
managerial, 
clerical, &  sales 
occupations, 
excess risks of asthma  service workers (OR, 
1.35; 1.04-1.74), manufacturing production &  
related workers (OR, 1.49; 1.23-1.81), cleaners, -
municipal cleaners &  sweepers (OR, 1.91; 1.22-
2.99), textile workers (OR, 5.83; 1.93-17.57), 
garment makers (OR, 1.61; 1.01-2.58), electrical 
&  electronic production workers (OR, 1.36; 1.06-
1.75), printers (OR, 2.24; 1.17-4.31), &  
construction/ renovation workers (OR, 2.24; 
1.30-3.85).   
X Xu &  Christiani  
D C (1993) 
 
China 
3606 40-69 
years 
Self-report of physician 
diagnosed asthma plus current 
wheeze. 
Spirometry 
 
 
Self-report – Intensity of dust 
exposure, intensity of gas/fumes 
exposure.  Cumulative exposure 
index created (10 year duration) 
Non-exposed 
groups 
Prevalence of asthma = 3.9% men & 3.8% 
women. Adjusted OR of asthma for dust= 1.6 
(95% CI 1.1-2.2), gas/fume=1.4 (95% CI, 0.9-2.1), 
exposure index for both groups= 2.1 (95 % CI, 
1.2-3.6) suggesting a combining. Exposure-
response relationship present. 
Krstev et a (2007) China 
Cases-
1,050, 
Controls-
4,200  
Asthma =  
self-report physician diagnosis  
& age onset  
Lifetime occupational histories, 
Ever worked 
Never worked 
Adult onset= production industries for metal 
tools (OR 2.4; 1.3–4.7), metal products (OR 1.6; 
1.1–2.4), ships (OR 2.6; 1.0–6.8), clocks (OR 1.9; 
1.0–3.4), farm work (OR 4.0; 1.2–13.0), lab techs 
& analyzers (OR 2.2; 1.2-3.9), & installation &  
maintenance for weaving & knitting machineries 
(OR 2.4; 1.1–5.4), electricians (OR 2.1; 1.1–4.1), 
performers (OR 3.2; 1.4–7.4), admin (OR 1.8; 
1.1–2.8), &  postal work (OR 3.5; 1.6–7.6). 
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Surveillance Schemes: 
As previously discussed some countries have surveillance schemes in place to 
monitor health problems such as occupational asthma (e.g. UK – SWORD/OPRA/THOR).  
These can include physician reporting schemes or national compensation schemes. 
Compensation schemes require a register of cases with strict asthma diagnoses in order to 
be sure that the compensation is really going to those with occupational asthma.  Several 
studies have made use of these registers to identify cases of occupational asthma.  In 
Sweden a study was carried out using the Swedish register of reported occupational 
diseases (SRROD) (Toren 1996).  This identified an annual crude reporting rate of 80 
occupational asthma cases per million.  The occupations reporting the most cases of asthma 
were male bakers (775/million), furnace-men (702/million), male welders (647/million), 
female chemical and plastic production workers (629/million), and female poultry and dairy 
farm workers (602/million).  The numbers of people in each occupation was obtained from 
national prevalences in census data.  This potentially biases the results due to the 
numerator/denominator bias.   
Numerator-denominator bias occurs when the data for the exposure and the disease 
are taken from different sources.  How the occupation is recorded on the national insurance 
database is likely to be very different than the methods used by the population census.  This 
is less likely to be a problem for studies using a less detailed level of occupation (i.e. 
administration role/not administration role).  In this study occupational asthma was only 
considered present if the patient had received rights for reimbursement.  This was only 
obtainable with a medical certificate written by a chest physician, proof of persistent 
asthma and evidence of a causal link between a specific workplace exposure and the 
disease.  This is a very strict definition of asthma and as such has a high positive predictive 
value.  However this reduces the sensitivity of the definition and only those with persistent 
asthma are included. They also do not have information on the existence of pre-existing 
milder asthma either as a child or as an adult and a proportion of the new asthma maybe 
the reactivation of previous disease.   
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A paper by the same authors investigated mortality among Swedish workers 
between 1981 and 1992 attributable to asthma in different occupations (Toren 1997).  
Death certificates were used to obtain the number of subjects with asthma as an underlying 
cause of death.  The expected mortality statistics for that occupation were obtained from 
the national census 1980 and smoking adjusted standardized mortality ratios (SMR) were 
calculated for each occupation.  An increase in mortality in men was observed for farmers 
(SMR = 146; 95% CI 105-187) and professional drivers (SMR = 144, 95% CI = 101-209).  In 
women hairdressers (SMR = 332, 95% CI = 102-525) showed increased mortality.  
 
In Finland several authors have published studies using national compensation 
schemes to identify cases of asthma some of which were discussed previously as they 
contained some longitudinal analysis.  The Finnish Registry of Occupational Diseases (FROD) 
is maintained by the Finnish Institute of Occupational Health and data are collected from 
physicians who are obliged to report known or suspected occupational diseases to 
provincial labour protection authorities.  FROD also receive notifications of new cases of 
occupational disease that are reported to the insurance companies.  This approach allows a 
large number of people to be followed up relatively cheaply therefore increasing the power 
to detect associations.   Reijula et al used this information to observe changes in the 
incidence rates over time in Finland (Reijula et al. 1996).  They concluded that between 
1986 and 1993 the annual incidence of occupational asthma in Finland increased by 70% 
(from 227 to 386 cases of OA) and the PAR of newly diagnosed occupational asthma was 
4.8%. 
 
           A more recent paper used the numbers of cases of OA from 1989 to 1995 to look at 
the occupation and identified causal agent (Karjalainen et al 2000).  The numbers employed 
in each of these occupations was obtained from population census data for each of the 
years.  The mean annual incidence rate was 17.4/100,000 employed workers based on 2602 
cases of OA.  The highest incidence rates were seen in bakers, painters and lacquerers, 
veterinary surgeons, chemical workers, farmers, animal husbandry workers, other food 
manufacturing workers, welders, plastic product workers, butchers and sausage makers, 
and floor layers. Sixty percent of the total cases were attributed to exposure to animal 
epithelia, hairs and secretions or flours, grains, and fodders.  
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 Heikkila et al focused on the asthma incidence in a specific industry, wood-
processing (Heikkila et al. 2008).  They found that wood-workers had increased relative risk 
in both men and women (RR men: 1.5, 95% CI 1.2-1.8; RR women: 1.5, 95% CI 1.2-1.7) 
However this increased risk was only in those workers with a low and medium (but not high) 
exposure to wood dust.   
 
Other surveillance schemes include the Observatoire National des Asthmes 
Professionnels (ONAP) in France.  In 2003 this was used describe the specific incidence of 
occupational asthma in France (Ameille et al. 2003).  Occupational asthma was reported for 
2178 individuals between 1996 and 1999.  The main causes were flour (20.3%), isocyanates 
(14.1%), latex (7.2%), aldehyde (5.9%), persulphate salts (5.8%), and wood dusts (3.7%).  
Using census data for numbers in each occupation the highest risks of occupational asthma 
were observed for bakers and pastry makers (683/million), car painters (326/million), 
hairdressers (308/million), and wood workers (218/million).  
 
In parts of the US a scheme called the Sentinel Event Notification System for 
Occupational Risks (SENSOR) collects information from physicians in California, 
Massachusetts, Michigan and New Jersey.  These reports were used to look at the  
characteristics of individuals with work-related asthma associated with exposure to cleaning 
products (Rosenman KD et al. 2003).  In the US between 1993 and 1997, 12% of confirmed 
work-related asthma (n=1915) was found to be associated with exposure to cleaning 
products.  Most of this (80%) was new-onset asthma rather than aggravation of existing 
asthma (20%), although 22% of the new-onset asthma was thought to be RADS.  The 
occupations where the exposure most likely occurred were medical settings (39%), schools 
(13%), or hotels (6%), and they were most likely to work as janitor/cleaners (22%), 
nurse/nurses' aides (20%), or clerical staff (13%). 
 
In Canada reported physician visits to the Manitoba health care system over a seven-
year period (1983–1990) were recorded (Kraut 1997).  These records were combined with 
national census data from 1986 in order to determine whether there are differences in the 
rate of physician-diagnosed asthma in various occupational groups.  Asthma was defined by 
a patient history of three or more physician encounters reporting a diagnosis of asthma, but 
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other respiratory outcomes were also considered.  The reference group used for the 
analysis was different to those used in most other studies, in this study a 10% random 
sample of all individuals in the labour force stratiﬁed by asthma, acute, and chronic 
obstructive disorders was used.  Three occupational groups were significantly associated 
with asthma, “other teaching and related occupations” (OR 2.54, 95% CI 1.18-5.44), 
“fabricating, installing, and repairing of electrical electronic and related equipment” (OR 
2.37, 95% CI 1.05-5.33) and “other occupations in labouring and other elemental work” (OR 
2.51, 95% CI 1.21-5.24). 
 
In Germany all workers must be insured through accident insurance institutions paid 
for by their employer.  As with other insurance schemes strict diagnostic criteria exist which 
include doctor diagnosis, objective measurements and temporal link with employment. A 
central information scheme collects data on diagnoses, causes and exposures associated 
with the disease.  This was used to obtain the numbers of new OA cases in Germany for 
2003 and identify causative agents (Latza et al. 2005).  The main causes of occupational 
asthma in Germany were flour/flour constituents (35.9%), food/feed dust (9.0%), and 
isocyanates (6.5%).  
 
  In South Africa the Surveillance of Work-related and Occupational Respiratory 
Diseases in South Africa (SORDSA) collects voluntarily reported information on work-related 
respiratory disease (Esterhuizen 2001;Hnizdo et al. 2001).  Occupational asthma was the 
second most commonly reported work-related disease in South Africa at 6.9% (324) of all 
cases between 1997 and 1999.  Latex was the most frequently reported agent for 
occupational asthma followed by isocyanates and platinum salts. Low molecular weight 
agents accounted for 59.6% of the cases of occupational asthma. 
 
All population based studies of occupational asthma that use surveillance/routine data are 
shown in table 2.4.
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Table 2.4: Population-based studies of occupational asthma using surveillance schemes 
Authors Region n Asthma Definition Exposure/ occupational Definition 
Reference 
group 
Results 
McDonald JC et 
al (2000) 
UK 
7387 new 
cases of OA 
all workplace respiratory 
disease  
Suspected causal agents were classified into 44 
categories & estimated annual incidences of asthma 
were calculated with denominators from the labour 
force survey. 
1/3 of the suspected causes of asthma were organic, 
a third chemical, 6% metallic, & the rest 
miscellaneous, or in 8%, unknown. increase since 
due to latex& glutaraldehyde, & drop since 1991 in 
the proportion attributed to isocyanates.  
McDonald JC et 
al (2005) 
UK 
SWORD= 27 
952 
Cases reported 1992–2001 
to the SWORD &  OPRA 
national surveillance 
schemes,  
Occupation, &  industry info is collected at the time of 
OA diagnosis to SWORD 
  
Mainly craft related occupations & machinists, & 
isocyanates, metals, grains, wood dusts, solders, & 
welding fume. irritant gases, vapours, & fume. 
Among medical technicians &  nurses=, 
glutaraldehyde &  latex  
Torén 
K (1996) 
Sweden  1010 cases 
All claims of occupational 
asthma 1990-2 in the  
Swedish register of reported 
occupational 
diseases (SRROD).  
OA classified according to occupation. N in occupational 
group in the general population was obtained from the 
1990 national census. 
Annual crude reporting rate of 80/million. The 
highest reporting rates were among male bakers 
(775/million), furnace-men (702/million), male 
welders (647/million), female chemical & plastic 
production workers (629/million), & female poultry 
& dairy farm workers (602/million). 
Toren et al 
(1997) 
Sweden  
Asthma as underlying cause 
of death  
Expected mortality for each occupation from census, 
observed mortality from death certificates  
Significantly increased SMR from asthma = male 
farmers (SMR = 146; 95% CI 105-187), male 
professional drivers (SMR = 144, 95% CI 101-209), 
female hairdressers (SMR = 332, 95% CI 102-525). 
Reijula, K et al 
(1996) 
Finland 
Whole 
population 
Finnish compensation 
register – all new cases 
Causative occupation identified in national registers of 
OA 
1986-1993 the annual incidence of OA increased by 
70%.  the incidence of persistent asthma was 0.4%.  
Karjalainen A et 
al (2000) 
Finland 
2602 cases 
of OA 
Cases of OA from the 
Finnish Registry of 
Occupational Diseases , 
census data for control 
Occupation at time and causal agent 
Incidence highest in bakers, other painters & 
lacquerers, veterinary surgeons, chemical workers, 
farmers, animal husbandry workers, other food 
manufacturing workers, welders, plastic product 
workers, butchers &  sausage makers, &  floor layers. 
Cases caused by animal epithelia, hairs & secretions 
or flours, grains, & fodders accounted for 60% of the 
total. 
Heikkilä P et al 
(2008) 
Finland 
Finns 
employed in 
wood-
processing 
industries 
Finnish compensation 
register during 1986-1998  
 
All workers were wood workers, 
other blue-collar workers or 
administrative employees  Exposure 
to wood dust - low medium high 
administrative 
employees 
Wood-workers: RR men: 1.5, 1.2-1.8; RR women: 
1.5, 1.2-1.7; Other blue-collar workers RR men: 1.5, 
1.2-1.8; RR women: 1.4, 1.2-1.6) in the same wood 
industries. Increased RRS were found for low & 
medium exposure to wood dust, but not for high 
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exposure.  
Ameille, J et al 
(2003) 
France 2178 
National surveillance 
programme (ONAP) = new 
OA.  
 
Occupational numbers from Institut National de la 
Statistique et des Etudes Economiques (INSEE) & from 
the French Securite Sociale statistics. 
In 1996–99, 2178 cases of OA =mean annual rate of 
24/million. The most frequently were flour (20.3%), 
isocyanates (14.1%), latex (7.2%), aldehyde (5.9%), 
persulphate salts (5.8%), &  wood dusts (3.7%). 
highest risks of OA were found in bakers &  pastry 
makers, car painters, hairdressers &  wood workers   
Rosenman KD 
et al (2003) 
USA 
1915 
confirmed 
cases 
Sentinel Event Notification 
System for Occupational 
Risks (SENSOR)-work-related 
asthma associated with 
exposure to cleaning 
products at work. 
For each case, up to three exposure 
agents were recorded as the possible 
cause of the asthma. 
 
. 80% of the reports were of new-onset asthma. 
Their most likely exposure had been in medical 
settings (39%), schools (13%), or hotels (6%), & they 
were most likely to work as janitor/cleaners (22%), 
nurse/nurses' aides (20%), or clerical staff (13%).  
Kraut A et al 
(1997) 
Manitoba 
Canada 
22,561 
prevalent asthma = patient 
history of three or more 
physician encounters 
reporting a diagnosis of 
asthma  
census self-reported 
occupation was coded by Statistics 
Canada, using the 3-digit level of the 
Canadian SOC (1981) 
10% random 
sample 
stratiﬁed by 
asthma, 
acute/chronic 
obstructive 
disorders 
1) other teaching &  related occupations (OR 2.54, 
1.18-5.44); 2) fabricating, installing, &  repairing 
occupations of electrical electronic &  related 
equipment (OR 2.37, 1.05-5.33); &  3) other 
occupations in labouring &  other elemental work 
(OR 2.51, 1.21-5.24)  
Latza U &  Baur 
X. (2005) 
Germany 
German 
industrial 
sector, 
29,662,749 
central information system 
for occupational diseases 
provides details regarding 
diagnosis  
occupations/tasks& causative 
substances 
 
Main causes of OA= flour/ flour constituents (35.9%), 
food/feed dust (9.0%), & isocyanates (6.5%).  Flour & 
grain dust is a frequent cause of occupational 
asthma in most European countries & South Africa. 
Isocyanates are still a problem worldwide. 
Hnizdo E et al 
(2001) 
South 
Africa 
3285 cases  
of 
occupational 
respiratory 
disease 
SORDSA identifies newly 
diagnosed cases of 
occupational respiratory 
disease  
occupations/tasks& causative 
substances 
 
OA was the second most commonly reported disease 
with 225 cases (6.9%). per million employed people, 
Latex was the most frequently reported agent for 
OA, followed by isocyanates & platinum salts. Low 
molecular weight agents accounted for 59.6% of the 
cases of occupational asthma. 
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Summary: 
The most common groups of occupations associated with the development of 
asthma in all of the studies were manual labour jobs often with exposures to dusts, gases or 
fumes.  The specific occupation most commonly identified with asthma was farming or 
being an agricultural worker (10 studies).  Cleaners, welders, bakers, metal workers, textiles 
workers and health-care workers were the next most frequently mentioned followed by 
construction workers, wood workers, mining and car sprayers.  Studies that used JEMs or 
other methods of defining exposure found that exposure to "dusts/gases or fumes" and a 
priori "high-risk" jobs were frequently associated with asthma.  The majority of the 
occupational exposures associated with asthma were LMW exposures or irritants.  However 
for many studies the methods used to define the occupational exposures makes it difficult 
to identify the specific agent responsible.  
 
Studies based on surveillance programs tend to report flour and other high 
molecular weight agents as the main cause of occupational asthma more frequently than 
other types of studies.  This may be because most of the cases in these schemes are 
reported by physicians who use stricter diagnostic criteria than is used in other types of 
epidemiological studies.   The links between HMW agents and occupational asthma are also 
more clearly demonstrable through immunological tests and may be more likely to be 
picked up.  Occupational asthma caused by more unusual occupations and exposures, such 
as low-dose irritant exposures, may be less recognised by physicians and may be under 
diagnosed or mis-diagnosed.   
Some longitudinal studies are able to show that exposure had occurred before the 
disease, so there is less doubt about causation than with cross-sectional studies.  This makes 
them a more reliable measure of the causes of occupational asthma (Samet et al. 
1998;Tager 1998).  However none of the longitudinal studies identified collected 
information prospectively before the start of work.  Longitudinal studies have the advantage 
of being able to evaluate multiple outcomes as a result of exposures (Tager 1998).  However 
exposure assignment is more difficult due to changes in occupations and exposures over a 
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person’s working life.  Determining the precise causal exposure may be difficult as few 
people only have one occupational exposure throughout their working lives.   
Based on eight longitudinal studies, including the ECRHS studies, the median PARs 
for asthma due to occupation/occupational exposures ranged from 14.4% to as high as 29%.  
Seventeen cross-sectional studies estimated a PAR for occupational exposures, the medians 
of these ranged from 1.7% in China (Xu & Christiani 1993) to as high as 37% in the USA (Arif 
et al 2003).  Most PARs were around 15-20%, similar to that calculated in the review papers.  
The highest values were usually for work-related asthma which includes pre-existing asthma 
made worse by work as well as occupational asthma.  The studies that published a PAR are 
given in table 2.5, along with the exposure and outcome definitions used. 
 
The majority of the cross-sectional studies were based in Europe and four were 
identified for the UK.  In cross-sectional studies the occupational exposure was most often 
defined as the current or most recent occupation at the time of the survey (16 studies).  This 
causes problems with the “healthy worker effect” as current high risk occupations may have 
a healthy survivor population.  This may explain some of the contradictory findings of 
reduced asthma risks in what are considered to be high risk occupations. 
 
The next most common occupational definition was “lifetime job” or job held for the 
longest time.  This was usually asked as part of a retrospective collection of an individual’s 
occupational history and is used in 9 studies, mostly from the USA.  This definition of 
occupational exposure will also be subject to the “healthy worker effect”, especially when a 
long retrospective occupational history is collected.  Ever/never worked in an occupation 
was also used, particularly when an occupational history had been collected.  Whether a 
participant was ever exposed to “vapours, dust, gases or fumes” was frequently asked using 
variously worded questions.  Exposure to organic or inorganic dust was often ascertained as 
a supplemental question to the main occupational definition.  This definition takes no 
account of causality and it is very difficult to show that the “ever” exposure came before the 
onset of the disease unless detailed information on dates is provided. 
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  In the longitudinal studies the most frequently used occupational definition was the 
occupation at the time of diagnosis.  This was defined using an occupational history which 
included dates.  Only four studies used these dates to determine the occupation at the time 
of asthma onset.  It was rare that any study matched the timing of the onset of asthma and 
the occupation.  This means that evidence of causality is more difficult to establish, 
especially for a disease that has a latency period such as asthma.    
 
JEMs were used in eight cross-sectional studies (four ECRHS studies) and three 
longitudinal studies.  The first identified use of JEMs to assign occupational exposures in 
population-based research was in the ECRHS study in 1999 (Blanc et al 1999;Kogevinas et al 
1999).  The Susan Kennedy ASJEM was used in four studies, including the EGEA study where 
the original development of the ASJEM was discussed (Kennedy et al 2000).  The others 
using the ASJEM included two from the ECRHS study (Kogevinas et al 2007;Zock et al 2004) 
and one based in France (Le Moual et al 2004). 
 
The definition of asthma varied widely in the different studies.  In cross-sectional 
studies, the most common definition was a self-report of physician diagnosed asthma (eight 
studies).  Self-reported “asthma in the last 12 months?” (current asthma), and "have you 
ever had asthma?” (ever asthma) were also frequently used.  The majority of asthma 
definitions come from questionnaire data.  Only seven cross-sectional studies mentioned 
that objective measures of BHR, lung function or skin prick tests were used to diagnose 
asthma.  Seven longitudinal studies collected information on BHR or included a medical 
exam as part of the survey.  Two of these were the military conscript studies where a 
medical exam was routine for everyone.  The relatively low number of studies using 
objective measures is most likely due to the scale of the studies involved, usually in the 
thousands, often making objective measurements impractical.  
  
Few studies used just one definition of asthma.  Most looked at several, usually 
including questions on symptoms (most frequently questions on wheeze) or medication.  
Five studies asked directly if a participant’s asthma was related to their work.  Other 
methods of asthma diagnosis other than questionnaire information included using physician 
notes and hospital admissions, and some used national compensation schemes to identify 
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people with occupational asthma.  In the longitudinal studies the most common method of 
defining asthma was through questions on symptoms and self-reports.  Incident asthma was 
defined by excluding people with asthma from the baseline survey.  This was commonly 
used in the ECRHS studies.    
 
In conclusion the majority of the evidence for occupational asthma comes from 
cross-sectional surveys and few of these are from the UK.  The results of these were often 
contradictory, with some occupations identified as both a risk factor and having a protective 
effect.   Of particular relevance is the identification of some clerical work as a risk factor for 
asthma, especially as these occupations are often used as a reference group.  Some 
occupations were consistently identified as a risk factor for asthma, for example those 
related to farming, baking, and cleaning.  By utilising JEMs with an expert re-evaluation step, 
more recent studies have reduced the level of misclassification in exposure assignment.  
This is especially true when the JEM has been tailored to a specific population or disease. 
The PARs calculated by many of these studies suggest that around 15-20% of asthma can be 
attributed to exposures encountered in the workplace.  Some of the PARs calculated varied 
widely, however much of this can be explained by differences in populations and the 
different methodologies used.   
 
Longitudinal studies have many advantages over cross-sectional study designs when 
it comes to identifying occupational risk factors for asthma.   Despite this, no longitudinal 
studies looking at occupational asthma could be found that were specific to the UK 
population.  Of the available longitudinal studies none had collected information 
prospectively before the start of work.  Therefore the use of the 1958 birth cohort, based on 
a British population with information from before the start of work, should allow the risk of 
occupation for asthma in the UK to be more clearly understood. 
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Table 2.5: All studies with a published attributable risk 
Author Country Year Exposure Asthma definition PAR 
Longitudinal 
Kogevinas, Zock, Jarvis, et al  
 
International 2007 
High-risk occupations  
Asthma attack or used asthma medication in 
past 12 months 
14% 
11% 
ASJEM Exposed 
 
Asthma attack or medication in past 12 months 
+BHR 
26% 
23% 
Henneberger, Mirabelli, 
Kogevinas et al 
International 2010 High dust, gas, or fumes  current severe exacerbation of asthma 14.7%  
Eagan,  Gulsvik, Eide  et al Norway 2002 dust or fumes 
Self-reported asthma treatment/diagnosis + 
respiratory symptoms 
14.4%  
Katz, Moshe, Sosna et al Israel 1999 Maintenance Units (military) chest physician diagnosis of new asthma 
25% relative excess of 
incident cases  
Cross-sectional 
Kogevinas, Antó, Soriano et al.  Spain 1996 current occupation -  21 occupational sets  
Current BHR & wheezing  5.0%  risk attributed 
to occ. 
exposure BHR & report of asthma-symptoms/medication 6.7% 
Fishwick, Pearce, D'Souza et al  New Zealand 1997 
“high risk” occupations (based on SWORD) 
Self-report -wheezing  
 1.9% 
When Farmers & food processors included  3.1% 
Blanc, Ellbjär, Janson et al  Sweden 1999 cumulative job exposures (occupation & industry)  Self-report of respiratory work disability 16%  
Kogevinas, Antó, Sunyer et al International 1999 
9 occupational sets with significant excess risk   
Self-reported asthma 
Self-reported asthma + BHR  
6.9%  
9.9%  
Household exposure in women 
JEM exposed 
Self-reported exposure any risk 
Self-reported asthma 
Self-reported asthma + BHR  
5% 
3-4%,  
9% 
Le Moual, Kennedy, Kauffmann et 
al 
France 2004 
Self-reported exposure to dusts, gases, and fumes  
Self-reported ever asthma  
asthma onset after current job 
9 %                                         
14 %  
Any asthmagens 
Self-reported ever asthma  
asthma onset after current job 
asthma with airflow limitation 
1 %  
8% 
(3 %) 
Torén, Balder, Brisman et al  Sweden 1999 
Exposure = factors judged to cause asthma 
welding, fumes, grain dust, flour dust, textile dust, 
lab animals & paint hardeners, isocyanates  
Seeking medical care for asthma/asthma like 
symptoms 
11%  
M = 14%              
W = 10%  
Blanc  USA 1987 industrial-agricultural employment  Self-reported OA 37.3%  
Forastiere, Balmes, Scarinci et al USA 1998 DGVF or sensitizers  
asthma  
asthma- like symptoms 
15.1%  
7.5 % 
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A posteriori “high-risk” group associated with 
respiratory conditions 
asthma  
asthma- like symptoms 
20%
  
10.2% 
Arif, Whitehead, Delclos et al  USA 2002 referent category = “low risk”  all others “high-risk”  
Self-reported physician diagnosed: work 
related asthma  
36.5%  
 
work related wheezing 28.5% 
Arif, Delclos, Lee et al USA 2003 referent category = “low risk”  all others “high-risk” 
Self-reported physician diagnosed: WRA 26%   
work related wheezing 27% 
Syamlal, Mazurek, Bang et al  USA 2009 
Longest held: occupation  Self reported asthma attacks 4%  
Longest held: industry Self reported asthma attacks 6% 
Johnson, Dimich-Ward, Manfreda 
et al  
Canada 2000 
Combination of “high-risk” occupation/ industry at 
asthma onset and “high-risk” exposure at asthma 
onset.  
adult-onset asthma 18.2%. 
Ehrlich, White, Norman et al South Africa 2004 
Ever occupational exposure “regularly exposed to 
smoke, dust, fumes or strong smells ’’ or ‘‘ever 
miner” 
Self-reported recent wheeze  
Self-reported asthma diagnosis 
12.2%  
13.6%  
Ng, Hong, Goh et al  Malaysia 1994 
Service & production-related occupations overall = 
exposed. 
Outpatients – bronchial asthma 0.33(0.22-0.44) 
Xu & Christiani China 1993 
dust  Physician diagnosed asthma 1.7% attributable risk 
gas/fumes exposure  1.2%  
McDonald, Chen, Zekvel et al UK 2005 Causal agents into 44 categories  annual incidences of asthma 25% of asthma cases 
Reijula, Haahtela, Klaukka et al  Finland 1996 
Causative occupation identified in national 
registers of OA 
Incidence rate newly diagnosed OA  
4.8%  of all new 
asthma cases is OA 
M=6% 
W = 3.9%  
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Chapter 3: Review of literature - Asthma Specific Job Exposure 
Matrix  
A review of the published literature that included the use of the Susan Kennedy 
Asthma Specific Job Exposure Matrix (ASJEM) was undertaken.  This was done in order to 
become familiar with the methodologies involved and the effect these have had on the 
results.  In addition, the various problems encountered by other studies were looked at in 
order to inform this project.  Any study that used the ASJEM was included in this review, 
including papers that used it to look at conditions other than asthma. 
The review was restricted to published literature in the English language and used 
multiple databases including PubMed, OVID (including MEDLINE, EMBASE and PsycINFO), 
the Cochrane Library and the National electronic Library for Health.  A search was conducted 
in July 2009 using the key words "job exposure matrix asthma".  The references used in 
these papers were also searched in order to identify any further papers that may have used 
the Susan Kennedy ASJEM.  This identified 70 studies.  The titles and abstracts of these 
papers were searched and 60 were excluded due to duplication, not being in English or not 
using the ASJEM.   
 
In addition all studies that cited the original paper describing the development of the 
Susan Kennedy ASJEM (Kennedy et al 2000) were identified with the ISI web of knowledge.  
The paper describes the methods used and the application of the JEM and has been cited 51 
times.  The titles and abstracts of these papers were searched and 43 were excluded as 
duplicates, not in English or not using the ASJEM.  This process is shown in Figure 3.1. 
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Figure 3.1: Flow chart of review process: 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
As stated, the original study to use the Susan Kennedy ASJEM applied it to a 
population based study, the French Epidemiological Study of the Genetics and Environment 
in Asthma (EGEA).  The EGEA study was a case-control and family study that investigated 
genetic and environmental risk factors for both adult and childhood asthma.  Cases (n=173) 
with asthma were recruited from hospital chest clinics in five French cities while controls 
(n=270) were population-based, identified through electoral rolls.  The cases were defined 
by a positive response to four questions on asthma and asthma symptoms from an initial self 
completed questionnaire.  
 
The EGEA study estimated the risk for the development of asthma using an exposure, 
derived from the ASJEM, for the job held at the time of asthma onset or relapse.  The 
exposure for the controls was derived from the current job.  The reference group used for 
the calculation of the odds ratios was all those currently working in “unlikely exposed” and 
the “uncertain exposures” groups as well as all “low risk” exposure groups (combustion 
fumes, ETS, possible irritants and low antigens).   
“job exposure matrix 
asthma " identified  70 
potentially relevant 
studies 
 
Citation search on 
original paper identified 
51 potentially relevant 
studies 
 
18 identified as relevant for 
review 
60 not relevant 
43 not relevant 
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A standardised, interviewer administered questionnaire was used to collect job and 
industry titles. Initially an untrained researcher at each centre coded the data into the ISCO-
88 coding system, following which an experienced researcher recoded all the jobs from the 
free text, without reference to the previous codes.  The expert review of the occupational 
codes was carried out by the authors using the available free text information.  Any changes 
made were identified as being due to errors in assigning an occupational code or inherent 
problems due to the lack of specificity in the ISCO-88 system.  The criteria used to decide 
whether to correct a coding error were based on the ASJEM risk groups.  This was to avoid 
unnecessary recoding from one low exposure group to another low exposure group.   
 
The expert review of the exposure assignment involved checking the free text of each 
ISCO-88 code marked as “check exposures”.  The exposure for the whole ISCO-88 code could 
be altered or individuals within each group could have their exposures altered.  An example 
of one of the changes made was to the exposures assigned to automobile body shop 
workers.  These workers are likely to be exposed to LMW isocyanates but they have the 
same ISCO-88 code as general sheet metal workers, who are unlikely to be exposed to 
isocyanates.  During the expert evaluation it was decided that general sheet metal workers 
who stated that they performed automobile spray painting would be considered exposed to 
LMW isocyanates.  Both of these re-evaluation steps were carried out blind to asthma 
status. 
 
The steps taken in the EGEA study to code and apply the ASJEM, as well as to 
perform the expert review are shown in figure 3.2.   This also includes the type and potential 
sources of error that can arise at each step of the process. 
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Figure 3.2: Recoding and expert evaluation steps of the ASJEM with sources of potential 
error 
 
 
 
 
 
  
1. Occupational information 
collected via questionnaire 
2. Occupations coded to ISCO-88 by 
untrained coder at each centre 
3. ISCO-88 recoded blind to original 
coding by trained researcher 
4. ISCO-88 codes applied to the 
ASJEM 
5. Codes with “need individual re-
evaluation” have text reassessed and 
exposure reassigned if necessary 
6. Reviewing the text of the job title 
and industry to correct obvious 
coding or misclassification errors 
Recall Bias – 
Differential 
misclassification 
 
Errors in coding -  
Non-differential 
misclassification 
Errors in coding - 
Non-differential 
misclassification 
Validity of the matrix- 
Differential 
misclassification 
Expert opinion - 
Differential 
misclassification of 
exposure 
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The recoding of the job titles at step 2 (figure 3.2) by the trained researcher altered 
39.7% (270 of 680) of the ISCO-88 codes.  However this did not greatly alter the exposure 
risk assessments.  Of those in a low risk group 2.4% moved to a high risk group while 3.3% 
moved from a high to a low risk group.  After step 4 when the revised ISCO-88 codes were 
merged with the ASJEM, 21% (97 subjects) were classed as needing individual re-evaluation.  
Out of these 97 subjects 23 had their exposure risk groups altered.  For 17 subjects the 
decision to reassign the exposure was based on additional information in the free text and 6 
were changed due to coding errors.  At step 6 when the ISCO-88 codes were reviewed, 
another 12 subjects were found to be miscoded; ten of these were moved from a low risk 
group to a high risk group.  Overall 6.3% of the subjects in this study had a change of risk 
assignment; most of these were from a low risk to a high risk group.  
 
The risk of working in each specific exposure group at the time of asthma onset or 
relapse was assessed, as was the risk for being in any high risk group.  In order to test 
whether the various reviews and recoding steps had changed the associations observed, the 
analysis was repeated at each step of the review process.   This created four different odds 
ratios based on: 
1. Exposure groups derived from ISCO-88 codes from step 2 
2. Exposure groups derived from ISCO-88 codes from step 3 
3. Exposure groups derived from ISCO-88 codes from step 2, plus coding errors 
corrected at step 6 
4. Exposure groups after all review processes (steps 2 to 6) 
 
The results for each of these analyses are presented in table 3.1.
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Table 3.1: Comparison of risk estimates of occupational asthma for high vs. low risk 
exposures, according to the stages of verification of job codes (Kennedy et al 2000) 
 
Cases/ 
controls* 
(n) 
Cases/ 
controls 
(% high risk) 
OR (95% CI) 
n (total) 173 / 285   
1. JEM applied to original job codes 172 / 282 17.4 / 16.7 1.0 (0.6 to 1.7) 
2. JEM applied to jobs after recoding by experienced 
occupational coder 
172 / 285 19.2 / 14.4 1.4 (0.8 to 2.3) 
3. JEM applied to jobs after recoding as above, and 
after further correction of coding errors detected 
during re-evaluation step 
172 / 285 23.3 / 16.8 1.5 (0.9 to 2.4) 
4. JEM applied to corrected job codes as above, plus 
revisions of assignments to risk group based on 
review of job title and industry text information 
172 / 285 24.4 / 16.1 1.7 (1.1 to 2.7) 
*After recoding it was possible to code the job titles for three additional controls; for one case, it remained 
impossible to code the job title. 
 
The odds ratios increased in magnitude with each review step.  This is in line with 
prior research which indicates that if there is a true relationship between exposure and 
disease, non-differential misclassification of exposure would produce a measure of 
association that is closer to the null value of 1.0 (Birkett 1992).  The observed increase in the 
odds ratios reflects the increase in the validity of the assignment of exposures at each step, 
as non-differential misclassification was reduced. 
 
Using the final exposure assignments after the full review process produced 
significantly increased odds ratios for all low molecular weight agents combined (OR 2.3 95% 
CI 1.2-4.4), particularly for reactive chemicals and industrial cleaning agents.  There was no 
change to the risk estimates when adjusted for smoking, sex and age.  The risk estimates 
increased when those reporting onset of asthma in childhood were removed, leaving only 
the adult onset cases.  This resulted in higher risk estimates for exposure to low molecular 
weight agents (OR 2.7, 95% CI 1.4-5.1) and mixed environments (OR 3.0, 95% CI 1.3-6.7).   
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Papers that use the Asthma Specific JEM: 
In addition to the Kennedy EGEA paper, the search of published literature identified a 
further 17 papers that used the ASJEM.  Two of these were also based on the EGEA study (Le 
Moual et al. 2005;Rage et al. 2009).  The Le Moual et al study examined asthma severity in 
relation to occupational exposures, including whether occupational exposure with respect to 
asthma severity differed according to asthma phenotype.  One hundred and forty eight chest 
clinic patients with asthma were compared with 228 population based controls.  Patients 
with severe asthma in the last 12 months were defined using clinical severity scores based 
on the frequency of asthma attacks, persistent symptoms between attacks, and 
hospitalization.  ASJEM exposure assignments were made for the current job and patients 
with mild and severe asthma were compared to those without asthma.  Significant 
associations were observed between severe adult-onset asthma and current exposure to any 
occupational asthmagen (OR 4.0; 95% CI, 2.0–8.1), HMW agents (OR, 3.7; CI, 1.3–11.1), LMW 
agents (OR, 4.4; CI, 1.9–10.1), including industrial cleaning agents (OR, 7.2; CI, 1.3–39.9), and 
mixed environments (OR, 7.5; CI, 2.4–23.5).   
 
There were problems associated with defining asthma severity due to difficulties 
distinguishing between the causes of recent symptoms.  Symptoms could be a marker of 
asthma control or a marker of true severe asthma and as the authors observe, there was 
limited information about asthma treatment and a lack of data about asthma activity in 
recent weeks.  Consequently it is possible that any relationships observed were relationships 
between occupational exposure and uncontrolled asthma rather than asthma severity and 
that people in some occupations have poor access to, or compliance with, effective asthma 
treatment. 
 
 The other study that used the ASJEM on the EGEA study data did not focus 
specifically on occupational exposures, instead it aimed assess the relationship between 
current asthma severity and home outdoor concentrations of air pollution (Rage et al 2009).  
Occupational exposures generated using the ASJEM process, were included in the adjusted 
analysis as confounders (with age, sex, smoking habits and educational level).  Adjusting for 
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occupational exposures made no substantial difference to the overall association between 
asthma severity and air pollution. 
European Community Respiratory Health Survey (ECRHS): 
Other large studies that have used the ASJEM to generate occupational exposures 
include the European Community Respiratory Health Survey (ECRHS).  This is an ongoing 
international study that focuses on young adults aged between 20 and 44 at recruitment.  
Two stages have so far been completed, the first between 1990 and 1995, the second 
between 2000 and 2002.  Three studies have applied the ASJEM to the occupational data 
from the ECRHS. 
 
The earliest paper (Zock et al 2004), aimed to compare the ASJEM with a general JEM 
(developed for analyses on chronic bronchitis and chronic airflow limitation (Sunyer et al. 
1998)) in 1455 people from the Spanish arm of the ECRHS.  It compared the two JEM’s utility 
for the evaluation of asthma risks related to specific occupational exposures.  The general 
JEM assessed exposure to biological dusts, mineral dusts and gases or fumes using 
occupational data coded to OPCS 1980 for the current job.  The current job was also coded 
to ISCO-88 for the ASJEM and the full protocol including expert evaluation was used to 
derive exposures.  The associations between symptoms of current asthma and wheeze in the 
last year and the current occupational exposures derived from the two JEMs were 
estimated.   
 
Zock et al observed positive associations between all current asthma outcomes and 
HMW flour dust, enzymes, mites and animal-derived proteins using the ASJEM to define 
occupational exposure.  The effect of the additional expert judgment step on these 
associations was limited since major changes to exposure groups had only been made for a 
few exposure categories.  In total only eight of the exposed subjects (out of 918) moved to 
the unexposed (reference) group and the ORs associated with each exposure were not 
significantly or consistently altered.  The authors concluded that the ASJEM was a useful tool 
in estimating asthma risks attributable to specific occupational exposures in the general 
population but that the expert evaluation step made little difference to the overall result. 
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Kogevinas et al used longitudinal data from both the ECRHS I & 2 to estimate the 
relative and attributable risks of new-onset asthma in relation to occupations, work-related 
exposures, and inhalation accidents (Kogevinas et al 2007).  The occupational history for the 
intervening years between the stages of the ECRHS was obtained from a face-to-face 
interview.   New-onset asthma was defined as reported asthma in the 12 months before 
interview after excluding people with a history of asthma or respiratory symptoms at 
baseline (ECRHS I).  Occupational exposure for the participants was assessed in three ways.  
First, by defining an a priori list of potentially high risk occupations (baking, plastics or rubber 
industries, printing, chemical processing, spray printing and other painting, nursing, 
hairdressing, electrical processing, welding, metal works, agriculture and forestry, cleaning 
and caretaking).  Second, using the ASJEM with additional exposure assessment from experts 
and third, by self-reported inhalation exposures.  The longitudinal analysis was carried out 
on 6837 participants who had no history of asthma or respiratory symptoms at baseline.  
The reference groups used were unexposed occupations (ASJEM derived) and low risk 
occupations (defined as those who worked exclusively in professional, clerical, or 
administrative jobs between the surveys). 
 
A significant excess asthma risk was seen for participants exposed to the predefined 
potentially high risk occupations (RR 1.69 95% CI 1.1-2.5) similar to the asthma risk from any 
ASJEM exposed vs. unexposed (RR 1.58 95% CI 1.1–2.3).  The asthma risk for an acute 
inhalation event such as fire, cleaning products or chemical spills was also increased (RR 3.3 
95%CI 1.0-11.1).  The authors calculated a population-attributable risk for adult asthma due 
to occupational exposures that was between 10-25%.  The authors observed the PAR was 
higher than the majority of estimates of asthma incidence using traditional surveillance 
systems, and argued that this indicated that the true incidence of occupational asthma has 
been underestimated in many industrial countries.  However, even with this large sample 
the power to detect associations for relatively infrequent occupational exposures was 
limited.  
 
Radon et al also used the longitudinal ECRHS data with the ASJEM, but used it to look 
at new onset rhinitis (Radon et al 2008).  Using a similar methodology to Kogevinas et al, the 
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authors excluded all those with reported nasal allergies, or asthma at ECRHS I.  The 
remaining individuals were then followed up for the development of allergic rhinitis, defined 
as a positive response to the question ‘‘Do you have any nasal allergies, including hay 
fever?’’.   Information on perennial rhinitis, defined as problems with sneezing or runny or 
blocked nose without ‘flu occurring in all previous 12 months, was collected along with 
serum specific IgE measurements to common allergens. 
 
Occupational histories between the two surveys were collected and coded to ISCO-88 
before being grouped into the 27 occupational categories formed without a priori 
hypotheses.  These were compared to workers who had remained in non-exposed jobs 
(office work) between the surveys.  The ISCO-88 codes were reviewed by experts in 
occupational coding and applied to the ASJEM, however only the larger groups (HMW, LMW, 
mixed and low risk irritants) were examined and no review of exposures was carried out.  
These risk groups were compared to those who had never worked in any exposure group.  
 
 Radon et al observed an increased risk of new onset allergic rhinitis in male medical 
professionals (OR 3.0; 95% CI 1.4 to 6.4) and a decreased risk of rhinitis in “metal workers 
not involved in metal making or treating” (0.3; 95% CI 0.1 to 0.7).  An increased risk of 
perennial rhinitis was seen in cleaners (OR 1.4; 95% CI 1.0 to 2.1).  Using the ASJEM to define 
exposure, no significantly increased risks were seen for either allergic or perennial rhinitis.  
Explanations for this lack of association include the use of an asthma specific JEM which was 
not designed to identify exposures associated with rhinitis.  The lack of the expert review 
step to reduce misclassification of exposures may have obscured any associations. 
The International Study of Asthma and Allergies in Childhood (ISAAC) 
Other large studies that have used the ASJEM include the International Study of 
Asthma and Allergies in Childhood (ISAAC), a worldwide epidemiological research 
programme established in 1991 that is now into its third phase.  ISAAC aims to investigate 
asthma, rhinitis and eczema in children.  Three papers used the ASJEM to define 
occupational exposures in this study all of them focusing on adolescents.  
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Radon et al looked at whether respiratory symptoms could predict the type of 
employment teenagers choose (Radon et al 2006).  In 2002, vocational trainees  from the 
second phase of the ISAAC study (1995/1996) were asked about respiratory symptoms and 
atopic disease and about their future preferred job choice.  This job choice was double 
coded in parallel by two trained coders to ISCO-88 and then applied to the ASJEM; no 
mention is made of whether an expert evaluation was undertaken.  The authors observed 
that 33% of the 504 subjects chose jobs with a high asthma risk, 23% chose low asthma risk 
jobs and the remainder picked jobs with no asthma risk.  No significant associations were 
observed between reporting asthma, allergic rhinitis or atopic dermatitis in childhood and 
choosing jobs with an asthma risk. Only 4% of the cohort indicated that their preferred job 
choice was influenced by their atopic diseases.  
Another ISAAC study (Riu et al. 2007) used the data from the German part of ISAAC 2 
to investigate the incidence of rhinitis in adolescents.  The aim of this paper was to 
investigate the effect of rhinitis on the duration and type of employment and to study 
latency until the development of symptoms.  In 2002 new onset of rhinitis since ISAAC 2 
(1995) was defined using questionnaire data on symptoms.   Information on 
holiday/vocational jobs was used in conjunction with the ASJEM, including an expert 
evaluation step.  Those working in high-risk occupations for asthma had an increased risk for 
new onset of rhinitis OR 1.4, 95% CI 1.0–2.1), especially those exposed to LMW agents (OR 
1.8, 95% CI 1.1–2.8).  The incidence of rhinitis was highest among those currently employed 
in a high-risk job for <10 months.  They concluded that teenagers who start working in high-
risk occupations have a higher incidence of rhinitis compared with those who are not 
working.  The use of the ASJEM has not been validated for use with rhinitis but the authors 
argued that the causative agents of rhinitis and asthma are very similar, and that rhinitis 
often precedes the development of asthma symptoms in allergic patients.   
In the third ISAAC based paper to use the ASJEM, the authors described the course of 
atopic dermatitis during puberty to determine risk factors for its incidence, recurrence, and 
persistence until adolescence (Peters et al. 2010).  Subjects from ISAAC 2, aged 9 to 11, were 
followed up at ages 16 to 20 for symptoms of atopic dermatitis.  Occupational exposure over 
the past 12 months was one of several risk factors examined for incident atopic dermatitis.  
 111 
 
111 Chapter 3: Review of literature - Asthma Specific Job Exposure Matrix 
Occupation was defined as either a high-risk job (nursing, health care assistance, bakery, and 
cleaning) or a low-risk job (all others).  Occupational exposure was defined using the ASJEM 
but no mention was made of the expert evaluation step.  The incidence of atopic dermatitis 
between 9 and 11 was 1.7% and between 16 and 20 was 2.4%.  Individual risk factors only 
contributed in a minor way to the development of atopic dermatitis.  However, ever having 
worked in a job with a high-risk for asthma was found to increase the incidence of atopic 
dermatitis, particularly when in conjunction with other risk factors such as parental atopy.  
Again the ASJEM has not been validated for use with this disease and little mention of this is 
made by the authors.   
Lymphoma studies  
The majority of studies that have used the ASJEM have focused on asthma or on 
other allergic diseases such as rhinitis or dermatitis.  However two studies used the ASJEM to 
explore the association between exposure to HMW allergens and the risk of developing 
lymphomas (Kogevinas et al. 2004;Mirabelli et al. 2009).   
Other studies from Europe: 
Other European studies that used the ASJEM included one which used data from the 
French Pollution Atmosphérique et Affections Respiratoires Chroniques (PAARC) study (Le 
Moual et al 2004).  This study was carried out in 14,151 adults, aged 25–59 years, from the 
general population of the PAARC survey.  The aim of the study was to investigate the 
associations between occupational exposure and asthma.  Occupational exposure was 
defined using four estimates 1) self-reported exposure to dusts, gases or fumes, 2) job titles, 
3) a population specific JEM and 4) the ASJEM.  The reference groups used were 1) self-
reported unexposed to dusts, gases or fumes 2) administrative and service jobs 3) not 
exposed to dusts, gases, and fumes job groups 4) ASJEM unlikely exposed group.   
With the ASJEM it was not possible to carry out an expert evaluation step as the free 
text descriptions of the jobs were not computerised and had been destroyed.  This meant 
that the French occupational codes used in the original PAARC survey were translated to 
ISCO-88 codes without the free text and applied to the ASJEM without further checking.  In 
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order to compensate for this the analysis using exposures derived from the ASJEM was 
repeated excluding all jobs in need of re-evaluation (as defined by the ASJEM).  Excluding 
these jobs increased the ORs for each exposure group of the ASJEM, supporting the original 
choice of specificity of exposure with this ASJEM.   
In the PAARC study a significantly increased risk of asthma was seen for exposure to 
industrial cleaning agents.  However when a different asthma definition using objective 
measures of lung function was used (asthma plus airflow limitation defined as FEV1/ FVC 
<88% in men and <89% in women) the OR increased from 1.55 to 2.51.  This definition of 
asthma increased the strength of the observed associations for LMW agents, mixed 
environments and irritants and the association with HMW agents decreased and became 
non-significant.  This highlights that the level of specificity chosen for the asthma definition 
may produce differing results.  The more specific definition of asthma plus airflow limitation 
may have made the definition of asthma more specific or it may be picking up people with 
COPD rather than just asthma.  Interestingly, when job titles were used to define exposure 
only stock clerks showed a significant excess risk of “ever asthma” (OR 1.75; 95% CI 1.14-
2.68).  These clerks are often included as administrative or clerical work and used in the 
reference group for many studies. 
Other European studies of respiratory health that use the ASJEM include a case-
control study in Spain (Medina-Ramon et al. 2005) which aimed to investigate working as a 
domestic cleaner in relation to respiratory morbidity.  Researchers collected detailed 
information on occupational exposures from people currently working as domestic cleaners.  
They were evaluated for their asthma status (40 cases and 155 controls) and a full 
occupational history was collected and applied to the ASJEM with an expert evaluation step.  
Additional information on all tasks performed and products used when cleaning houses, was 
collected along with personal exposure measurements of airborne chlorine and ammonia in 
a subsample.   
The focus of this paper was on the self-reported tasks done whilst cleaning and the 
personal measurements taken.  Occupational history was used to adjust for current or 
former employment in non-domestic cleaning jobs. In the adjusted model the authors found 
that cases used bleach more frequently than controls.  More than half the subjects reported 
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a cleaning products related accident.  Roughly two thirds of these accidents were due to the 
mixing of two or more cleaning products, principally with bleach.  Current or past 
employment in a non-domestic cleaning job was reported more frequently in cases than 
controls (OR 6.4; 95% CI 2.9 to 15).  Those working in a job that was not a non-domestic 
cleaning job but that still had exposure to any asthma risk (ASJEM derived), showed no 
differences between cases and controls (OR 0.7; 95% CI 0.3 to 1.5).  
In Switzerland, the Swiss Cohort Study on Air Pollution and Lung Diseases in Adults 
(SAPALDIA 2) focused on health effects from long-term exposure to air pollution.  A 2005 
paper has been published with a description of the methods and the characteristics of the 
cohort (Ackermann-Liebrich 2005).  The ASJEM was used to assess occupational exposures 
between the first (1991) and second (2001-2003) SAPALDIA surveys, and the relationship of 
asthma with air pollution.  The use of occupational exposure information was to adjust for it 
as a potential confounder.  No mention was made of an expert evaluation step but this may 
be included at a later date when results from the study are published. 
 
 Two studies from Canada (Cherry et al. 2009;Suarthana et al 2009) used the ASJEM 
to define occupational exposure. Cherry et al investigated the work-relatedness of asthma 
and the extent to which it was adequately reflected in the Workers’ Compensation Board 
statistics in Alberta, Western Canada.  The Workers’ Compensation Board (WCB) claims 
between 1995 and 2004 were linked to physician billing data.  The WCB records contained a 
4-digit Canadian occupational code for the work done at the time of the event.  The 
occupational information was also converted to ISCO-88 and applied to the ASJEM and an 
expert review was carried out blind to case status by three of the investigators.   
 
There were 782,908 WCB eligible claims, with an incidence rate for new onset 
asthma of 1.6%.  Those with new onset adult asthma in the WCB database were matched 
with controls with a known occupation and without asthma. The numbers of people in an 
occupation with any ASJEM exposure were the same for cases and controls (cases 2,279, 
referents 2,332).  Three occupational exposures had a significantly increased risk of asthma; 
LMW Isocyanates (OR 1.54: 95% CI 1.01–2.36), exposure to mixed agricultural allergens (OR 
1.59: 95% CI 1.17–2.18) and exposures to cleaning chemicals in men (OR 1.91:95% CI 1.34–
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2.73).  In order to perform the expert review step more information than the job title is 
needed, but the only additional information in this study was “industry”, and this was only 
present for 58.8% of the subjects.  However Cherry et al state that the expert review process 
did improve the accuracy with which the cases were predicted. 
 
A cohort study in Canada started between 1993 and 1998, collected information on 
769 apprentices training in animal health technology, pastry making and dental hygiene 
(Suarthana et al 2009). In 2002, 408 of these apprentices were followed up.  The aim was to 
look at the risks for developing occupational sensitisation (positive SPT to at least one 
relevant occupational HMW allergen at follow-up), BHR, rhinoconjunctival (eye or nasal 
problems) and chest symptoms at work associated with continued exposure to HMW 
allergens.   Those with symptoms at the end of their apprenticeships were excluded and the 
incidence of these conditions examined at follow-up.   Occupational exposure was based on 
a detailed occupational history since the end of subjects’ apprenticeships and generated 
using self reports, investigator scores and the ASJEM.  The authors followed the Kennedy et 
al method for the ASJEM and included an expert evaluation step.   Due to small numbers, the 
reference group for each exposure was defined as any participant who was unexposed to 
the substance of interest.   
During the expert evaluation step, no changes were made to the ISCO-88 coding.  The 
review of the exposures looked at 366 job titles from 227 participants and changed 121 job 
titles from 77 participants. The majority of these changes were to remove HMW enzyme 
(but leaving HMW flour) exposure from pastry makers.  HMW latex was also assigned to 
people working with laboratory animals and to “College, university, or higher-education 
professionals” who worked with animals (who were also given HMW animal exposure).   
Exposure to HMW animal allergens in the follow-up period was associated with a 
significantly increased risk of occupational sensitisation (HR 6.4 95% CI 2.3-18.2) and 
rhinoconjunctival symptoms at work (HR 2.6 95% CI 1.1-6.2).  LMW exposure was associated 
with an increased risk of developing BHR (HR 2.3 95% CI 1.1-5.4).   The results from the 
ASJEM derived exposures were consistent with self-reported exposure; the kappa statistic 
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agreement between these exposure methods for HMW exposure was 0.52 (before expert 
step) and 0.79 (after expert step).  
Suarthana et al observed that the expert evaluation step significantly increased the 
observed risks of developing sensitization for all exposures, except HMW enzyme exposure.  
For example, the observed risk of developing sensitization following exposure to HMW 
animal allergens in the workplace doubled after the expert evaluation step (from OR 3.0 95% 
CI 1.2-7.4, to OR 6.4 95% CI 2.3-18.2).  The authors observed that the ASJEM seemed to be 
suitable for other allergic conditions, occupational sensitisation, bronchial hyper-
responsiveness and rhinoconjunctival symptoms.   
 
In the USA, the ASJEM was examined in order to assess its feasibility for use in the 
National Health and Nutrition Examination Survey (NHANES) (McHugh et al. 2010a).  
NHANES is an ongoing series of large scale cross-sectional surveys designed to assess the 
health and nutritional status of adults and children.  McHugh et al cross-referenced 490 
American National Centre for Health Statistics job codes, used to develop the 40 NHANES 
occupation groups, with the 506 ASJEM job titles and assessed homogeneity in asthmagen 
exposure across job codes.  They found that 399 job codes corresponded to one ISCO-88 job 
title, 32 to more than one job title, and 59 were not in the ASJEM.   The conclusion was that 
the ASJEM was not a suitable tool to use with the NHANES data unless more detailed 
occupational information was collected.  This study emphasises some of the difficulties in 
working with one occupational coding scheme when data have been collected for coding to 
another scheme.   Without enough information on the job title and description it is very 
difficult to translate the codes from one coding system to another. 
Finally, a study in Taiwan (Wang et al. 2010) used the ASJEM in order to determine 
whether occupational exposure to asthmagens influenced the risk of having atopic or non-
atopic asthma, and the level of lung function.  This case-control study with around 1500 
people (500 cases), used the ASJEM to determine current/most recent exposure with an 
expert evaluation step performed by Government occupational hygienists.  The reference 
group used was those currently working in a job that was “unlikely” or “low risk” exposed.  
Atopic asthma was associated with exposure to HMW agents (OR 4.0, 95% CI 1.8-8.9) and 
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non-atopic asthma was significantly associated with exposure to LMW agents (OR 2.6, 95% 
CI 1.6-4.3), including industrial cleaning agents and metal sensitizers. Both atopic and non-
atopic asthma were associated with agriculture work (OR 7.8, 95% CI 2.8-21.8; and OR 4.1, 
95% CI 1.3-13.0, respectively).  
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Summary: 
From the 18 studies identified as using the ASJEM (including the original Kennedy el 
al paper), only 12 included the expert evaluation step.  The main reason for not performing 
this step was a lack of additional occupational information in the form of free text job titles 
and task descriptions.  In three studies occupational exposure was not the main risk factor of 
interest and the ASJEM was used for adjustment of occupation as a potential confounder 
(Ackermann-Liebrich 2005;Peters et al 2010;Rage et al 2009).  Only one of these studies 
performed the expert evaluation step, the other two only had limited information on the 
ASJEM methods used and no mention is made of an expert evaluation step.   The use of 
industrial experts with knowledge of the local working conditions should improve the 
assignment of exposures, but only five studies have performed comparisons to determine if 
this is true.  One study (Zock et al 2004) concluded the expert evaluation step was 
unnecessary, while 4 others (Cherry et al 2009;Kennedy et al 2000;Kogevinas et al 
2007;Suarthana et al 2009;Zock et al 2004) concluded that it reduced misclassification bias 
and was valuable.   
 
A weakness of the ASJEM is that the exposures defined by it are those that are 
known to be risk factors for asthma.  This limits the ASJEMs ability to detect risks associated 
with agents not previously known to be important.  Despite identifying 18 studies that used 
the ASJEM only 10 of these were actually using it to define exposures relevant for asthma.  
Of these, two defined occupational exposure so that it could be adjusted for in analyses of 
other risk factors.  This leaves only eight studies that have used the ASJEM to define 
occupational exposures specifically to study asthma.  
 
Overall any “HMW exposure” and any “LMW exposure” was associated with asthma 
in seven out of the 10 studies on asthma.  “Any high risk exposure” and “mixed exposures” 
were associated with asthma in three studies.  No associations were observed for the irritant 
groups, however several of the studies focused specifically on HMW exposures or on 
cleaning exposures.  The individual group that was most commonly identified as being a risk 
factor for asthma was the LMW cleaning chemicals (five of the studies identifying an 
increased risk for working in this group).  Other specific exposures identified (each in one of 
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the studies) as a risk factor for asthma were mixed agricultural agents, HMW animal 
exposure, HMW flour, HWM enzymes, HMW mites and LWM reactive chemicals, LMW 
metals and LMW isocyanates exposure.    
 
For the majority of the studies the reference group used was the “unlikely exposed” 
group.  Four studies used a different group, two used all those not exposed to the specific 
exposure group being analysed (Kogevinas et al 2004;Suarthana et al 2009), one used those 
who had never worked (Riu et al 2007) and one used the unlikely exposed group combined 
with all low risk irritant groups (Wang et al 2010).   These were studies with limited numbers 
so this was most likely done to increase the power to detect associations.   
 
The studies included in this review are shown in table 3.2.  The highlighted studies 
are those that used the expert review step. 
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Table 3.2: All studies that use the Susan Kennedy ASJEM 
Author/ year Location (n) Exposure definition Reference 
Group 
Case/control definition Results Comments 
Asthma 
S.M. 
Kennedy, et 
al (2000) 
France -  
EGEA 
173 
cases, 
285 
controls 
Cases = job held at 
the time of onset (or re-
emergence) of asthma 
Controls = current job  
Unlikely 
exposed 
Case=Hospital patients 
self-report of 4 asthma 
symptoms  
High-risk jobs:  
Original job codes OR=1 (0.6-1.7) 
Revision &expert evaluation step 
OR =1.7 (1.1-2.7).  
Specificity over 
sensitivity  
reduces mis-
classification bias  
J.P. Zock et al 
(2004) 
Spain -
ECRHS 
1455 Work or principal 
activity in the last 12 
months  
1) general JEM  
2) ASJEM.   
Unlikely 
exposed 
Respiratory symptoms in 
the last year, ever 
asthma, ever doctor 
diagnoses asthma 
1) General JEM high: exposures to 
biological dust associated with 
asthma  
2) ASJEM: HMW exposure (flour, 
enzymes, mites, animals) 
associated with current asthma 
symptoms  
Effect of expert 
judgment limited 
& labour-
intensive.  
N. Le Moual 
et al (2004) 
France -
PAARC 
14151  Current or most recent 
occupation -: 1) self-
reported exposure to 
DGFs,  
2) job titles,  
3) pop. Specific JEM, 4) 
ASJEM. 
1) not exposed 
to DGFs  
2) Admin & 
service jobs  
3) not exposed  
4) unlikely 
exposed  
4 self-reports of asthma:  
i)"ever asthma",  
ii) asthma after 14 yrs iii) 
asthma onset after 
beginning current job, iv) 
asthma + airflow 
limitation 
2) personal care workers, waiters & 
stock clerks  
4) Industrial cleaning agents: 
 i) OR=1.55(1.08-2.23) 
ii) OR=2.17 (1.41, 3.34) 
iii) OR=2.35(1.38, 4.00) 
iv) OR= 2.51(1.33, 4.75) 
Jobs not 
computerized, 
questionnaire 
destroyed.  No 
expert review step 
N. Le Moual 
et al (2005) 
France - 
EGEA 
148 
cases, 
228 
controls 
current/most recent job  Unlikely 
exposed 
Asthma
 
severity in the last 
12 months. (8-grade chest 
clinic score) severe = 
score 2. Controls 
=electoral rolls, surgery 
dept., & 1 check-up 
centre 
Any occupational asthmagen 
OR=4.0(2.0-8.1),  
HMW OR=3.7(1.3–11.1), 
LMW OR=4.4 (1.9–10.1), industrial 
cleaning
 
agents & mixed 
environments
 
  
no mention of 
expert evaluation 
step 
M. Medina-
Ramon et al 
(2005) 
Spain  40cases, 
155 
controls   
Current cleaning 
job=detailed task 
/product lists, Personal 
exposure to airborne 
chlorine & ammonia, 
occupational history 
low exposure 
level  
 
Cases = domestic cleaning 
women with asthma/ 
chronic bronchitis 
symptoms in last 12 mths  
Controls=without a 
history of respiratory 
intermediate exposure OR =3.3 
(0.9-11) High exposure OR=4.9 (1.5-
15). Other associations =accidental 
inhalation of vapours and gases 
from cleaning agents and washing 
dishes. Cases used bleach more 
expert step, occ. 
history used to 
adjusted for  non-
cleaning jobs with 
asthma related 
exposures 
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(ASJEM) symptoms.  than controls 
K. Radon et 
al (2006) 
Germany 
ISAAC 2 
504  Vocational trainees - 
asked about future 
“preferred job” – coded 
to ASJEM 
Unlikely 
exposed  
1) Asthma 
symptoms/medication 
last 12-months.  
2) Symptoms of allergic 
rhinitis last 12 months.  
3) Current symptoms of 
atopic dermatitis 
33% chose high asthma risk, 23% 
chose low asthma risk, remainder 
no asthma risk. No associations 
between asthma, allergic rhinitis or 
atopic dermatitis & selecting jobs 
with asthma risk. Allergic rhinitis= 
tend to select high risk jobs less 
frequently.  
ISCO-88 double 
coded in parallel 
by 2 well trained 
coders – no 
mention of expert 
evaluation 
M. Kogevinas 
(2007) 
13 
European 
countries 
ECRHS 
6837 
asthma-
free 
subjects  
Complete occupational 
history between ECRHS 
1& 2 1) occ. groups  
2) ASJEM  
3) self-report of 
inhalation accidents. 
1) “low-
risk”=Only 
professional, 
clerical, or 
admin jobs 
2)unlikely 
exposed 
3)unexposed 
Asthma = asthma attack 
or asthma medication in 
the 
12 months before 
interview.  
BHR  
Any exposure RR=1·6(1.1-2.3).  
nursing RR=2.2(1.3–4.0) 
Acute symptomatic inhalation 
RR=3.3(1.0–11.1)  
PAR= 10% - 25% 
Expert evaluation.  
Analyses each 
exposure as well 
as all high risk jobs 
vs. no risk jobs. 
E. Rage et al 
(2009) 
France 
EGEA 
 328 
adults 
with 
asthma 
Air pollution from  
monitoring network & 
geo-statistical model 
plus ASJEM 
 
Unlikely 
exposed 
Asthma cases from chest 
clinics = Defined asthma 
severity= 4-classs score  
Higher asthma severity score 
related to the 8-hour average of 
ozone during April-September (O3-8 
h) and the number of days (O3-
days) Adjustment for occ. exposure 
did not alter results.  
ASJEM used to 
assess 
occupational 
exposure in order 
to rule it out, 
expert evaluation  
N. Cherry et 
al (2009) 
Canada Alberta 
WCB 
claims=1,
320,792 
  
WCB claims for any 
reason, Incidence 
calculated by 
occupation, industry & 
exposures from ASJEM 
 Case =New onset adult 
asthma  
Control = known 
occupation and without 
asthma  
Isocyanates OR=1.54 (1.01–2.36)  
Mixed agri. OR=1.59 (1.17–2.18)  
Cleaning chemicals in men OR= 
1.91 (1.34–2.73). 
Expert evaluation 
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T.N. Wang, 
et al (2010) 
Taiwan  504case, 
1008 
controls 
current or most recent 
job code 
Unlikely 
exposed plus 
low risk 
irritant 
exposures 
Case =Hospital-based, 
current asthma-with 
respiratory symptoms 
&/or abnormal 
spirometry in last 12 
months.  
Control= no asthma from 
community & the hospital 
Atopy = increase in total 
IgE 
Atopic asthma associated with 
HMW OR=4.0 (1.8-8.9). Non-atopic 
asthma associated with LMW 
OR=2.6 (1.6-4.3), including 
industrial cleaning agents and 
metal sensitizers. 
 Agriculture was associated with 
both atopic and non-atopic asthma  
Government 
occupational 
hygienists 
performed the 
expert step 
according to 
published method 
Other allergic diseases 
K. Radon et 
al (2008) 
13 
European 
countries 
ECRHS I & 
II 
4994 
symptom-
free 
subjects 
Complete occupational 
history between ECRHS 
1& 2 1) occ. groups  
2) ASJEM  
1) non-
exposed 
occupations  
2) Unlikely 
exposed 
Allergic rhinitis = ‘‘Do you 
have any nasal allergies, 
including hay fever?’’ 
Perennial rhinitis = 
problems with sneezing/ 
runny in previous 12 
months 
Incidence allergic rhinitis=12%, 
perennial rhinitis =11%.  
Allergic rhinitis Male medical 
professionals OR=3.0(1.4-6.4). 
Metal workers not involved in 
metal making or treating 
OR=0.3(0.1-0.7).  
Perennial rhinitis: cleaners OR=1.4 
(1.0-2.1) 
Only used large 
groups from 
ASJEM (HMW, 
LMW, mixed, low 
risk). Expert 
review of occ. 
coding 
E. Riu et al 
(2007) 
Germany 
ISAAC 2 
3785  1) always worked in no 
risk jobs 
2) ever worked in low-
risk jobs 
3) ever worked in high-
risk jobs (ASJEM) 
Never worked 
≥8 h·week
−1
 
for ≥1 month   
i) New onset of rhinitis 
=symptoms in the last 12 
months.  
ii) Doctor-diagnosed 
rhinitis in the last 12 
months.  
 
i) Any high-risk exposure OR= 1.4 
(1.0–2.1) LMW OR=1.8 (1.1–2.8). 
Teenagers who start working in 
high-risk occupations have a higher 
incidence of rhinitis compared with 
those not working.  
Double-coded by 
two trained 
coders, expert re-
evaluation step 
carried out.  
E. Suarthana 
et al (2009) 
Canada 408 of 
629 
eligible 
Work history –  
1) Self report   
2) Investigator scoring 
on job-training 
relatedness  3) ASJEM  
Participants 
who were not 
exposed to a 
particular 
asthmagenic 
compound 
i) Occupational 
sensitisation (positive SPT) 
ii) rhinoconjunctival 
symptoms  
iii) chest symptoms 
iv) BHR  
Exposure to HMW animal after 
apprenticeship period sig. 
Increased risk of developing 
sensitisation by 3 (before experts)-6 
(after expert) times. 
Rhinoconjunctival symptoms at 
work HR=2.6 (1.1-6.2) 
Exposure to LMW sig. increased risk 
of developing BHR HR=2.3(1.1-5.4).   
Performed expert 
evaluation step = 
increased risk 
estimates 
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A. Peters et 
al (2010) 
Germany 
ISAAC 
2857, 
2433 un-
affected 
by AD 
Job history - ranked as 
high-risk jobs (nursing, 
health care assistance, 
bakery, and cleaning)  
 low-risk jobs 
(others) 
Atopic Dermatitis = 
physician diagnosis & skin 
symptoms  during the 12 
mths before the baseline 
and follow-up surveys 
Having worked in a high-risk job 
was a significant predictor for the 
course of disease. Early-life 
exposures did not predict the 
course of AD over puberty. 
Occupational 
exposure = 
baseline risk 
factors, no 
information on 
expert evaluation  
Lymphomas 
M. Kogevinas 
(2004) 
Spain  519cases, 
554 
controls 
Lifetime occupational 
exposure to 7 HMW 
agents  
  
Non-exposed 
to each 
exposure 
category 
Newly diagnosed cases of 
lymphoid neoplasms 
Lymphomas, histologically 
or cytologically confirmed  
Subjects exposed to HMW agents 
had an increased risk for Hodgkin's 
lymphoma OR=2.27 (0.93-5.50), 
particularly nodular sclerosis 
OR=3.22 (1.14-9.09).  
All HMW exposed 
jobs evaluated 
case-by-case by 
an expert. 
M.C. 
Mirabelli et 
al (2009) 
Italy  2290 
cases,   
1771 
controls =  
HMW exposures in jobs 
held 10 y or more 
before the date of 
diagnosis 
Unexposed to 
HMW & 
participants 
who had 
never worked  
newly diagnosed 
lymphomas at 11 medical 
centres histologically or 
cytologically confirmed, 
population-based controls  
Exposed individuals had a 
decreased risk for all lymphomas 
combined OR=0.78 (0.63-0.97), 
particularly for B-cell lymphomas 
OR=0.75 (0.59-0.94).  
All HMW allergens 
were reviewed by 
an industrial 
hygienist  
Other 
U. 
Ackermann -
Liebrich et al 
(2005) 
Switzer-
land  
5973 
subjects 
Conc. of NO2, SO2, O3 & 
particulates in ambient 
air since 1991. 
Residential histories + 
GIS modelling  
ASJEM exposures since 
baseline  
- Interview about 
respiratory health, 
spirometry, BHR test, end-
expiratory (CO) and atopy. 
DNA & blood markers 
Non-participants in reassessment 
were younger than participants and 
more likely to have been smokers 
and to have reported respiratory 
symptoms in the first assessment.  
Occupational 
exposure =risk 
factors, no 
information on 
expert evaluation 
M.K. 
McHugh et al 
(2010) 
USA  -   - 399 job codes corresponded to one ASJEM job title, 32 to more 
than one job title, and 59 were not in the ASJEM. The NHANES 
classification limits the use of the ASJEM to evaluate associations 
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Chapter 4: The 1958 Birth Cohort 
Overview  
The data used in this project are taken from the National Child Development Study 
(NCDS), a longitudinal study following the lives of over eleven thousand people living in 
Great Britain.  It began as a study of Perinatal Mortality, sponsored by the National Birthday 
Trust Fund, to identify social and obstetric factors linked to stillbirth and neonatal death.  
Whilst it was not originally planned as a longitudinal study, it was decided to re-contact the 
cohort and monitor their continued development.  The participants are the traceable 
survivors of 17,638 babies born in Great Britain between 3rd and 9th March 1958 (Power et 
al. 2006).  These were later enriched by additional children born in the same week but 
outside of Great Britain, in order to increase the ethnic diversity of the study.  
 
There have been seven surveys (sweeps) of cohort members (at ages 7, 11, 16, 23, 
33, 42 and 46 years) to monitor their physical, educational, economic and social 
development.  This has been done using questionnaires, medical examinations and 
educational tests in childhood, questionnaires at each adult sweep and a biomedical survey 
at age 45.  The questionnaires collected a wide range of information on all aspects of the 
cohort members’ lives, including data on health, education and occupation.  The currently 
available occupational information collected includes: 
a) At age 23 – details of up to 4 jobs since leaving school for over 12000 people. 
b) At age 33 - details of up to 12 jobs for more than 11000 people from the age of 
entry into the workforce, overlapping the data from age 24.  
c) At age 42 - details of jobs since age 33 for more than 11000 people.  
  
At age 45 all cohort members (irrespective of disease status) were invited for 
spirometry and venesection for measurement of total and specific IgE and extraction of 
DNA.  These samples have undergone and will undergo further genotyping under several 
initiatives including GABRIEL (a multidisciplinary study to identify the genetic and 
environmental causes of asthma in the European community)(Finch 2007).  
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Occupational data available 
The occupational data used in this study come from sweep 4, sweep 5 and sweep 6.  
At each sweep the occupational information was collected in a different way and was coded 
into the occupational coding scheme relevant at the time. This was different at every sweep. 
At each sweep all participants were asked to report any jobs lasting more than 1 month 
excluding holiday jobs and part-time jobs whilst in full-time education or government 
training.   
Sweep 4 – Age 23, 1981 
Funding for sweep 4 was provided by four government departments, Health & Social 
Security, Education & Science, Employment and Environment and the Manpower Services 
Commission.  The initial tracing of the cohort was done by the National Children's Bureau 
(NCB), whilst further tracing and interviews were carried out between August 1981 and 
March 1982 by private companies (NOP Market Research Limited, and Social and 
Community Planning Research) (National Children's Bureau 2008).  Follow-up at sweep 4 
was less straightforward than earlier sweeps because it is the first to collect information 
directly from the cohort member.  The target sample of sweep 4 varied from the previous 
sweeps, being comprised of all cohort members who had participated in at least one 
previous survey (compared to previous sweeps which attempted to collect everyone from 
the original target sample) and not seeking to enrich the membership with immigrants born 
in the same week.  The cohort members were no longer traceable through the education 
system and large numbers had left their birth area.  There was a drop in the numbers of 
participants from nearly 14,000 at sweep 3 (85% response), to 12,537 people (76% 
response) from a target sample of 16,482. 
During the survey interview detailed information was obtained on:  
 Employment, unemployment and periods of out of the labour force, apprenticeship 
and training, post-school education  
 Respondent reported health state and health related behaviour and voluntary 
activity and leisure.   
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Occupational information – sweep 4 
 
In sweep 4, details of up to four jobs were collected. If a respondent had more jobs 
than this, the first three and most recent were collected.  The questions asked about each 
job were as follows: 
 Start date  
 End date 
 Full/part-time 
 What was the name or title of your first /current/last job when you 
started it? include rank and grade 
 What kind of work did you do most of the time? Did you use any 
machinery or special materials? If yes, what? 
 
These questions were asked by a trained interviewer and the answers were used to 
code the information manually, using the Classification of Occupations 1980 (CO-80).  This 
was carried out by either Social and Community Planning Research (SCPR) or the NCD.  The 
text titles and descriptions provided for each job were coded using coding tables and lists of 
occupations and industries.  With the CO-80 coding other information such as employment 
status (i.e. manager/foreman) rather than just job title and description was used to code.  
CO-80 is based on the Department of Employment’s ‘Classification of Occupations and 
Directory of Occupational Titles’ (CODOT).  This  five digit coding scheme identifies 350 basic 
operational coding groups, and when information on supervisory status is available can be 
expanded to 547 Occupational Unit Groups (OUGs)(Thomas et al. 1989).   
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Sweep 5 – Age 33, 1991 
Sweep 5 of the NCDS was carried out in 1991. The design and analysis of the survey 
was done by the Social Science Research Unit (SSRU) at the Institute of Education (IOE) (City 
University.Social Statistics Research Unit 2008).  The funding was provided by a consortium 
headed by the Economic and Social Research Council, which included several government 
departments, and the US National Institute of Child Health and Development.  The actual 
survey was carried out by a consortium of three survey companies (Social and Community 
Planning Research, NOP Market Research, and Research Surveys of Great Britain).  At age 33 
the target sample was 15,366, in total 13,441 cohort members were traced, and of these 
11,221 (73%) completed the "Your life since 1974" questionnaire (Macran 1995). 
The fifth follow-up used questionnaires to collect information from the cohort member.  
Sweep 5 consisted of (Centre for Longitudinal Studies 2006b): 
 A self completed Event History Questionnaire called "Your Life Since 1974".  This 
questionnaire covered marriage/ cohabitation, children, jobs, periods not in a paid 
job and housing.   
 An Interview Questionnaire which was carried out by a trained interviewer who 
obtained information on current/last and previous jobs, unemployment, education 
and training courses, qualifications held, health, health history and health 
behaviour.  
 A height and weight measurement 
 
Occupational Information - "Your life since 1974": 
The self completed “Event History Questionnaire” was the main source of 
occupational information at sweep 5. Information on up to twelve jobs was collected.  A job 
was defined as lasting more than one month including part-time work and temporary work 
but excluding training schemes, work experience or education.  The cohort member was 
asked "What was the job title when you started this job?" and "What kind of work did you do 
most of the time?”.  Additional information was also collected, including the date the job 
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started and ended, whether it was full-time or part-time (defined as less than 30 hours per 
week) and whether it was self-employment or not.  Other rules relating to the reporting of 
occupations are taken from the questionnaire and given below: 
 If you changed the kind of work you did while working for an employer, count this as 
still the same job. Only a change of employer counts as a change of job. 
 If you have worked in a Government Department, school or hospital, count as a 
change of job any change of Government Department, school or hospital. 
 If you had a period of temping, free-lancing, consultancy, or self-employed contract 
work count the whole period as one job. 
 Include work in sheltered workshops. 
 Don’t count work experience, sandwich jobs or holiday jobs while you were in full-
time education. 
 If you went on maternity leave or sick leave and went back to the same job, count 
the whole period as one job. 
 Don’t count time spent on a Government work or training scheme. 
The "Your Life Since 1974" questionnaire also collected an unemployment history in 
parallel with the employment history.  Taking the same format as the employment history 
each cohort member was asked "Since leaving school has there been any period of a month 
or more when you did not have a paid job and when your situation was best described by 
one of the categories listed below?: 
 
 Unemployed and seeking work = 1 
 Government Training or work scheme = 2 
 Full-time education = 3 
 Full-time housework or childcare = 4 
 Unable to work because of sickness or handicap (do not count being on sick leave) = 5 
 other = 6" 
 
The cohort member was again asked for start and end dates of the unemployment 
period and to select one of the six codes from the list above.  They were given space to give 
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more details on their unemployment period; but not asked to give details of anything they 
may have done at the same time as having a paid job.   
 
Together the employment and unemployment questionnaires provide information 
on what each cohort member was doing between age of entry to the workforce and age 33.  
As part of the work done by SSRU the occupational information was coded to the Standard 
Occupational Classification 1990 (SOC-90).  The occupational data available for sweep 5 has 
been coded using the Computer Assisted Standard Occupational Coding (CASOC) which used 
the free text job titles and descriptions to code to SOC-90.  CASOC was developed by the 
Institute of Employment Research at the University of Warwick.  The software can either be 
fully automated or it can be used with coder intervention where the decision making is 
shared with a manual coder i.e. “assisted”.  For the information given at age 33 the CASOC 
software was used in "automated" mode.  The generated codes were then checked and 
where necessary re-coded using CASOC in “assisted” mode (Macran 1995).  
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Sweep 6 – Age 41/42, 1999/2000 
Sweep 6 of the NCDS was designed and carried out jointly by the Centre for 
Longitudinal Studies (CLS) at the IOE and National Centre for Social Research (NCSR) (Joint 
Centre for Longitudinal Research 2008). It was funded by the Economic and Social Research 
Council as well as a wide range of Government departments under the coordination of the 
Office for National Statistics.  At age 41 the cohort members were again traced and 
occupational data covering the time period 1991 to 1999/2000 were collected.  At sweep 6, 
information was collected on 11,419 people from a target sample of 16,240 (70% response 
rate). 
 In this sweep the information was collected via a trained interviewer which should 
have improved the quality of data collection (Bynner et al. 2000).  The questionnaire 
contained questions that included: 
 Structural categories: gender, social class, and geographical location 
 Health and lifestyle: these comprise the record of mental and physical illnesses, 
symptoms, accidents and the treatments received for them and their outcomes and 
lifestyle choices such as smoking, alcohol and drug use, diet and exercise.  
Occupational Information - Sweep 6: 
The cohort members were asked about their current job "What are you currently 
doing?" and for how long they had been doing it.  They were asked for job title, "What do 
you mainly do in your job?" and the nature of the business they worked in. They were then 
asked to provide dates for each job since 1991 and if they were unemployed at any period 
they were asked to give information on the dates and nature of this unemployment.  The 
sweep 6 data was coded to the SOC-90 scheme by the NCSR.  From these SOC-90 codes a 
computer program was used to convert the SOC-90 codes to the updated SOC-2000.   
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Table 4.1: Summary of the occupational data available  
(Thomas & Elias 1989) 
 
  
Sweep Age n Employment 
Occupational 
Coding 
System 
4  23  12537  
Interview: 
 Up to 4 job periods back to age 16 (entry to 
workforce) 
 Economic status for each month since 1974 
– dates & durations.  
 Occupation & industry,  size of workforce, 
working hours, how they heard about job, 
number of job offers, earnings, training, 
availability of training/qualifications, 
promotions, job satisfaction, job choice, job 
behaviour, reasons for ending job. 
 Unemployment – dates, reasons, job 
searches, reasons for refusing work, 
expectations of future work, careers advice 
CO80  
5  33  11407  
Interview: Current and Previous Job 
 
Self-completion “Your life since 1974” Event History: 
Up to 12 job periods from age 16 (entry to 
workforce) - overlaps with sweep 4 
As sweep 4 plus: 
o Free text data available (job titles and 
descriptions) 
SOC-90 & 
derived ISCO-
88  
6  41/2  11419  
Interview: 
Up to 10 job periods continuing from sweep 5 (ages 33 
to 42) 
 
As sweep 5 plus: 
Benefits  - Childcare etc 
Pensions/retired 
Travel to work 
 
Free text data  available (job titles and descriptions) 
 
SOC-90 & 
derived SOC-
2000 
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Health Data Available 
Sweep 0 – Birth (1958) 
The first information collected on the cohort members was collected at birth as part 
of the original perinatal mortality survey sponsored by the National Birthday Trust Fund 
(National Birthday Trust Fund 2008).  This survey examined the social and obstetric factors 
associated with stillbirth and death in early infancy.  This sweep collected information on 
17,416 children from a target sample of 17,634 (99% response rate).   
Sweeps 1 & 2 – Age 7 (1965) & 11 (1969) 
Sweep 1 was funded by the Department of Education and Science and sweep 2 was 
sponsored by the Social Science Research Council.   The focus of many of the questions was 
on educational, physical and emotional growth and the possible factors that may influence 
this.   For these sweeps the information was collected via three questionnaires; a parental 
questionnaire (usually completed by the mother via an interviewer), a questionnaire for the 
child, and questionnaires completed by the head teacher and class teacher from the child's 
school.  At sweep 1, information was collected on 15,425 children from a target sample of 
16,729 (92% response rate).  At sweep 2, information was collected for 15,337 children from 
a target of 16,754 (92% response rate).  Information collected included “father's and 
mother's occupation, smoking habits, aspirations and expectations for child's future 
education and occupation, child's general health and information on accidents, hospital 
admissions and visits to the doctor, and details of medical history (Centre for Longitudinal 
Studies 2006a)".  At this point the survey was expanded from the original birth cohort in 
order to increase the representativeness of the cohort. This was done with the addition of 
920 immigrants born in the same week.   
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Summary health information available at sweeps 1 & 2: 
Sweep 1:  
The parental questionnaire asked many questions about various health related issues; the 
relevant questions for sweep 1 were: 
Has the child ever had? 
o Hay fever or sneezing attacks 
o Attacks of asthma - if yes, the number of times in all and number of times in past 12 
months. 
o Bronchitis with wheezing— if yes, the number of times in past 12 months. 
o Pneumonia – if yes, at what age? 
o Other respiratory disease – Specify  
 
Skin: is there a history of: 
o Eczema in the first year?  
 If yes, month of onset and sites 
o Eczema after the first year? 
 If yes, is it present now and sites 
 
Sweep 2:  
 
The parental questionnaire asked many more questions about various health related issues, 
than at sweep 1.  The relevant questions for sweep 2 were: 
Has the child ever had attacks of? 
o Asthma 
o Wheezy bronchitis 
o Neither of these 
o Don't know 
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If the child has had asthma of wheezy bronchitis what is the frequency of attacks? 
o At least once a week 
o usually less than once a week but can expect one a month 
o At least one attack in past year but less frequently than once a month 
o Had attacks in past year but don't know how frequently 
o No attacks in past year but had attacks when young 
o Other reply (give details) 
Has the child had any medicaments from the doctor in the last three months (please include 
also maintenance treatment). Enter name of substance: 
o If yes, for what reason were the medicaments given? 
 Wheezing or asthma 
 Other reason 
Has the child suffered in the past twelve months from any of the following? (Amongst 
others) 
o Hayfever or allergic rhinitis 
o Eczematous rashes 
Has the child ever been seen by or had specialist treatment from a medical/surgical 
specialist for any of the following?  
o Asthma or wheezy bronchitis 
 Never 
 Outpatient at Hospital/clinic/at home/consulting rooms 
  Inpatient at hospital/nursing home 
 Don't know 
 
  
  
134 Chapter 4: The 1958 Birth Cohort 
Sweep 3 – Age 16 (1974) 
At age 16, sweep 3 was again funded by the Department of Education and Science as 
well as the Department of Health and Social Security.  The data collection at sweep 3 was 
generally similar to sweeps 1 and 2 with a few changes, the focus again being on 
educational development/achievement and its effect on entry to the labour market.  The 
parental questionnaire included an additional series of questions designed to give an index 
of behaviour in the home.  At sweep 3, information was collected on 14,647 children from a 
target sample of 16,901 (87% response rate).  The parental questionnaire asked questions 
about various health related issues, with slightly differing questions used than at sweep 1 & 
2.  The relevant questions for sweep 3 were: 
Has the study child suffered in the last 12 months? 
o Hayfever or allergic rhinitis 
o Eczematous rashes 
All hospital admission (other than for accidents or operations), any conditions for which the 
study child has ever been admitted to hospital overnight? 
o Asthma/Wheezy Bronchitis 
o Any other conditions 
Hospital outpatient attendances – has the study child ever attended a hospital outpatient 
department for specialist opinion or investigation? 
o If yes, what was the condition  (Asthma/Wheezy Bronchitis) 
o Any known details of diagnosis 
o Age at first attendance 
Has the study child ever had an attack of asthma or wheezy bronchitis? 
o If yes, have the attacks ever necessitated investigation/treatment? 
If the study child has had asthma or wheezy bronchitis in the past 12 months did this occur? 
o At least once a week 
o Usually less than once a week but at least once a month 
o Less than once a month 
o Frequency unknown 
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Sweep 4 – age 23 (1981) Health Questionnaire: 
As previously stated this was the first sweep in which the cohort member 
themselves completed the questionnaire.  The questionnaire data were the only source of 
health information for 12,537 people.  The questions asked included: 
Since your sixteenth birthday have you had an attack of asthma or wheezy bronchitis? 
o Have you had an attack in the last 12 months? 
o Do you take any prescribed medicines to help control these attacks? 
o Are you under medical supervision for any of these attacks? 
In the last 12 months have you suffered from? 
o Eczema 
o Hay fever 
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Sweep 5 – age 33 (1991) Health Questionnaire: 
This sweep used a health questionnaire looking at health history, which included 
asthma and other diseases, disability, accidents and assaults and hospital admissions.  It also 
collected health behaviour information which included smoking and drinking.  The 
questionnaire was administered by a trained interviewer along with a height and weight 
measurement.  The relevant questions asked included: 
Have you ever been told that you have asthma? 
o Over the past 12 months have you used an inhaler or any other medicine 
prescribed by a doctor to treat your asthma or wheezing? 
o Over the past 12 months have you had any attacks of wheezing or asthma so 
severe that you could speak only one or two words at a time between 
breaths? 
o Over the past 12 months have you been admitted overnight to hospital for 
treatment tor wheezing or asthma? 
Have you ever suffered from, or been told you had (amongst other conditions)? 
o Bronchitis 
o Hay fever 
o Eczema or other skin problems 
Have you suffered from, or been told you had (amongst other conditions) in the last 12 
months? 
o Bronchitis 
o Hay fever 
o Eczema or other skin problems 
If ‘yes’: Did you see a doctor in the past 12 months about your (any of these complaints)? 
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Do you have any trouble with sneezing, a runny nose or blocked nose though you do not 
have a cold or flu? 
o Have you had this problem in the last 12 months? 
o if yes, frequently or occasionally 
o Some people feel that their chest is sometimes wheezy or whistling.  Have you 
ever had wheezing or whistling in the chest at any time in the past? 
o Have you” ever had any wheezing or whistling in your chest at any time in the last 
12 months? 
o How many times have wheezing or whistling in your chest in the past 12 months? 
 
 
  
  
138 Chapter 4: The 1958 Birth Cohort 
Sweep 6 – age 41/2 (2000) Health Questionnaire: 
This sweep used a health questionnaire administered by a trained interviewer. They 
collected data on health and lifestyle.  This included health questions on specific conditions 
and the associated symptoms, accidents and the treatments received, information on 
lifestyle (smoking, drinking etc) was also collected.  The relevant questions asked included: 
Have you ever had or been told you had? 
 Hay fever 
 Bronchitis 
 Asthma 
 Allergic rhinitis (persistent runny nose when you haven't got a cold) 
What age did you first have hayfever/bronchitis/asthma/allergic rhinitis/eczema? 
Have you had hayfever/bronchitis/asthma/allergic rhinitis/eczema in the last 12 months? – 
If yes: 
 Have you seen a doctor re: hayfever/bronchitis/asthma/allergic rhinitis/eczema in 
past 12 months? 
Have you had or ever been told you have eczema or other skin problems? 
Have you had any of the following respiratory symptoms? 
o Ever had wheezing/whistling in chest 
o Ever had wheezing/whistling in past 12mths 
o Freq wheezing/whistling in past 12mths 
o Used an inhaler/prescribed asthma medicine in last 12mths 
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Table 4.2: Summary of available health data on asthma and allergic disease  
Sweep  Age n  Health Data  
0-3 
7 
15425 
 
Medical examinations, Medical History, Parental Questionnaire:  
o Hay fever or sneezing attacks,  
o Attacks of asthma-no. of times at all and no. times in last 12 months,  
o Bronchitis with Wheezing - no. times in last 12 months, 
o Pneumonia – at what age? 
o Other respiratory disease – Specify? 
o Eczema in first year/after first year?  
11 15337 
Medical examination, Parental Questionnaire:  
As age 7 plus: 
o Last 12 months: Hayfever or allergic rhinitis?  
o Has the child ever been seen by or had specialist treatment from a 
medical/ surgical specialist for Asthma or wheezy bronchitis? 
o Has the child ever had wheezy bronchitis or asthma (other than mild 
attacks in infancy)? – Age of first attack, before/after 7 years? 
Frequency/Severity of attacks? 
o Treatment (inhalers etc) 
o Recurrent skin condition? Nature of skin complaint/age/treatment?   
16 14647 
Medical Examination, Parental Questionnaire: 
As age 11 plus: 
o Hospital/Outpatient  admissions for Asthma/Wheezy Bronchitis, Has 
he/she attended a G.P. Surgery/Health Centre or been visited at home 
in the past 12 months for Bronchitis/Asthma or Wheeziness,  
o Other Allergic conditions– Frequency?  
o Medical causes of school absence,  
4  23 12537  
Interview: 
o Any medical conditions – treatment/supervision?  
o Does condition limit employment?  
o Asthma or wheezy bronchitis since age 16?  
o Asthma or wheezy bronchitis in last 12 months?   
o Prescribed medicine? Medical supervision?  
o Cough morning/night? Phlegm morning/night?  
o Eczema/Hay fever in last 12 months?  
o Number of hospital admissions?  
5  33 11407  
Interview, Self-completion “Your life since 1974” Event History: 
As sweep 4 plus: 
o Trouble breathing, sneezing, or a runny/blocked nose without cold or 
flu? – Ever/last 12 months? 
o Breathlessness on walking? – Frequency? 
o Whistling/Wheezing in chest? – Ever/last 12 months? 
o Coughing or wheezing vs. neither 
o Cough for more than 3 months? 
o Bronchitis/hayfever/wheezing/whistling in last 12 months 
o Hospitalised for asthma/wheezing. 
Plus spirometry for a sub-group of asthmatics 
6  41/42 11419  
Interview as Sweep 5 plus: 
o Long standing medical condition? – Age started? Limits on work/daily 
activities? 
o Contact dermatitis – Age started? In last 12 months? Seen doctor? 
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Biomedical Survey – age 45 
Between 2002 and 2004, when the cohort members were between ages 44 and 46 
years, a biomedical survey was carried out on the 1958 Birth Cohort by the Institute of Child 
Health, St George’s Hospital Medical School, the Centre for Longitudinal Studies and the 
National Centre for Social Research.  The aim of the survey was to obtain objective 
measures of ill-health and physiological and psychological function among adults in early 
middle age(Elliott et al. 2008). 
 
The survey was carried out on 9,400 (targeted 12,037- 78% response) cohort members 
who had responded to previous sweeps (4, 5 or 6).  Nurse-interviewers visited cohort 
members at home and took a number of biomedical measurements.  These included vision, 
hearing, lung function, blood pressure, pulse, height and weight, and waist and hip 
measurements.  A mental health interview was carried out and blood and saliva samples 
were taken. 
 
Blood samples were obtained from 88% (8018) of those examined with 97% (7980) of 
these participants giving consent to the creation of immortalised cell lines and extraction 
and storage of DNA for medical research purposes.  The biochemical analyses of the blood 
samples included: 
o Total immunoglobulin E (IgE) 
o Specific IgE to house dust mite allergen (hdm), cat allergen (cat) and grass pollen 
allergen (grass).   
These were measured in serum by the HYTEC enzyme immunoassay, with positive and 
negative controls. Total IgE was assayed on all specimens, and allergen-specific IgE to house 
dust mite, mixed grasses, and cat fur, were measured on specimens with a total IgE 
concentration above the median (30kU/L).   
 
Lung function was measured using a Vitalograph Micro hand-held spirometer with 
disposable cardboard mouthpieces.  Three technically satisfactory measures (from up to five 
attempts) of forced vital capacity (FVC), forced expiratory volume (FEV1) and peak flow 
(PEF) were taken by the nurses. 
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Representativeness of the 1958 Birth Cohort 
As previously discussed, the 1958 Birth Cohort was originally comprised of 17,638 
individuals born in one week in 1958 in England, Scotland and Wales.  This was 
supplemented during the first three sweeps by 929 immigrants also born in the same week.  
At each survey cohort participants have been lost to follow up.  By sweep 6, 11,419 
participants provided information and 9400 participated in the biomedical survey.  A 
technical report produced by the Centre for Longitudinal Studies detailed the response rate 
and changes to the population of the 1958 cohort (Plewis et al. 2004).  The inclusion criteria 
of the cohort state that: 
 
 “The longitudinal target sample is all children born (alive or dead) in Great Britain in a 
specific week in March 1958, until they die or permanently emigrate from Great Britain 
(Plewis et al 2004).” 
 
This longitudinal sample does not include the additional 929 children immigrants 
added to enrich the sample between sweeps 1 and 3.  No new immigrants were added to 
the cohort after age 16 meaning that in the later sweeps the proportion of people from 
immigrant families in the cohort will be lower than that of the general population.   The 
longitudinal target population is different to the cross-sectional target population, meaning 
that the total cross-sectional cohort increased in size between the ages of 7 and 16.  The 
numbers responding at each sweep and the reasons for drop out are given in table 4.3, 
adapted from Atherton et al 2008.  
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Table 4.3: Numbers of eligible participants and non-responders in the 1958 cohort 
(Atherton et al. 2008) 
 Sweep (Age -years) 
 0 (0) 1(7) 2(11) 3(16) 4(23) 5(33) 6(41/2) 
biomedical 
(45 ) 
Target population 
(cross-sectional) 
17638* 18016 18287 18558 18558 18558 18558 18558 
Dead 0 812 829 862 888 992 1120 1245 
Emigrants 0 322 552 705 869 1090 1190 1300 
Eligible sample 17638 16729 16756 16896 16472 16229 16118 16013 
Non-responders 223 1304 1419 2242 3935 4282 4220 3632 
Participants  17415 15425 15337 14654 12537 11468 11419 9377 
(% of eligible) 98.7 92.2 91.5 86.7 76.1 70.7 70.8 58.6 
(% of target 
population) 
98.7 85.6 83.9 80.0 67.6 61.8 61.5 50.5 
*Maximum longitudinal target sample  
 
 As can be observed in the table 4.3, the total numbers of participants (shaded row) 
has fallen at each sweep.  The largest drop in participants occurred between sweeps 3 and 
4.  Sweep 4 was when the questionnaire switched from parent to participant response, and 
was the first survey after leaving education, so many participants may have moved away 
from their area of birth.  Sweeps 1 to 3 used the educational system to trace the cohort 
members which was no longer possible for sweep 4 and afterwards. 
 
 After the drop at sweep 4 the rate of participation remained relatively constant 
between sweeps 5 and 6.  The relatively low response rate obtained for the biomedical 
survey may in part be due to the invasive nature of the survey.  However of those who did 
participate most were willing to give blood and saliva (93.7% and 97.7% of participants 
respectively) (Plewis et al 2004).  Of participants whose parents responded at sweep 0, only 
39.4% have had a complete response to all the surveys up to age 33 and 7.9% have not 
responded to any other surveys (Plewis et al 2004).  Therefore almost all sweeps contain a 
proportion of people with missing information at one or more of the other sweeps.   Plewis 
et al also looked at the response rates for specific questions such as health or employment 
(which is particularly relevant for this thesis).   
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Table 4.4: Response rates in the longitudinal observed sample for health and employment 
questions sweeps 0 to 6 (Plewis et al 2004). 
 
Sweep (Age -years) 0 (0) 1(7) 2(11) 3(16) 4(23) 5(33) 6(41/2) 
Cross-sectional 
observed sample 
17415 15425 15337 14654 12537 11468 11419 
Longitudinal observed 
sample 
17415 15051 14757 13917 12044 10986 10979 
Health        
Any* (%) 
17374 
(99.8) 
14327 
(95.2) 
13609 
(92.2) 
12524 
(90.0) 
12044 
(100) 
10985 
(99.9) 
10979 
(100) 
All# 
16115 
(92.5) 
13589 
(90.3) 
11730 
(79.5) 
8670 
(62.3) 
5317 
(44.1) 
10899 
(99.2) 
10948 
(99.7) 
Employment        
Any* (%)     
12039 
(100) 
10959 
(99.8) 
10948 
(99.7) 
All#     
12039 
(100) 
10790 
(98.2) 
6574 
(59.9) 
* “Any” refers to a response to at least one of the key questions.  
# “All” refers to a response to all the key questions.  
 
 Table 4.4 shows the cross-sectional and longitudinal observed samples, the response 
rates calculated from the longitudinal observed sample.  There was a consistently high 
response rate for answering any health questions at all sweeps.  The worst response rates 
for answering all health questions was observed at sweeps 3 and 4 where only 62% and 44% 
of the cohort answered all health questions. The employment data response was generally 
higher though at sweep 6 the response rate for answering all employment questions was 
lower than at previous sweeps.   
 
Previous work on the representativeness of the cohort concluded that the sample at 
age 16 underrepresented those who were socially, educationally or behaviourally 
disadvantaged, but that the participants did not vary greatly in terms of physical attributes 
(Fogelman et al. 1983).  An analysis of the response at age 23 concluded that there was a 
greater proportion of non-response from ethnic minority groups, low-achievement groups, 
people with disabilities, people from relatively low social classes and those brought up in 
poor housing conditions.  The conclusion however was that despite this the sample of 
responders did not differ too greatly from the total possible sample (Iyer 1984).  Following 
work done on modelling the accumulated non-response over time, they concluded that 
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male participants were less likely to respond than females, as were those with lower 
educational achievements, those that change employment frequently and those living in 
more disadvantaged situations (Hawkes et al. 2006).   
 
Another analysis (Atherton et al 2008) also compared the sample at age 45 to the UK 
general population in terms of ethnic diversity.  Atherton et al observed that only 2% of the 
1958 cohort classified themselves as non-white as compared to 7.5% of 45-49 year olds in 
the 2001 England and Wales census population.  Much of this will be due to the stopping of 
the enriching of the sample with immigrants at age 16.  The ethnic diversity of the UK 
increased after 1974 (the last enrichment of the cohort) due to an increase in immigration 
and previous immigrants having children.  This is shown in the census data but not in the 
1958 birth cohort.  Therefore the 1958 birth cohort remains representative of a population 
of people born in the UK in 1958 but it does not represent the current ethnic mix of the UK.   
 
However the cohort is broadly similar to census data in terms of on marriage, home 
ownership and social class.  Employment was broadly similar to the census data although 
with a smaller proportion of people who reported not working in the cohort.  This suggests 
that unemployed people are more likely to be under-represented in this cohort.  Therefore 
care must be taken in the interpretation of the results obtained from using the data from 
the 1958 birth cohort.  Whilst being broadly representative of the general population, ethnic 
minorities and some socially and economically disadvantaged groups will be 
underrepresented by this cohort. 
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Chapter 5: Methods 
This chapter provides information on the methods used to create a dataset 
containing information on occupation, occupational exposures and health outcomes 
suitable for analysis.   
 
The first step was to create a full employment history with occupational exposures 
for each member of the 1958 Birth Cohort.  This process used is shown in Figure 5.1.  
Occupational information collected at ages 33 and 42 was used to construct the 
employment history.  The additional occupational information available at age 24 was not 
used due to several factors.  Up to four jobs pre-coded to CO-80 were collected at age 24, 
but this overlapped with the data collected at age 33.  No conversion program was available 
to convert CO-80 to ISCO-88 and the original free text data at age 24 was not available.  
Therefore there was limited scope for converting the jobs at age 24 to ISCO-88 codes and as 
the jobs collected at age 33 duplicated this time period the occupational data at age 24 
were not used. 
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Figure 5.1: Flow-chart of the ISCO-88 recoding and expert evaluation process  
SOC-90 codes 
(16-42) 
Step 1: SOC-90 to ISCO-88 via 
Computer conversion 
Exposures 
(16-42) 
Step 2: Manual review 
of ISCO-88 codes by RG 
& DJ 
ISCO-88 
codes (16-33) 
Step 3: ASJEM 
applied (16-33) 
Step 4: Expert 
review process 
(16-33) 
Exposure 
rules 
Final ISCO-88 
codes (16-42) 
ISCO-88 codes 
& rules (16-33) 
ASJEM applied (16-42) 
Final exposures 
(16-42) 
ISCO-88 
codes (16-42) 
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Step 1: Recoding from SOC-90 to ISCO-88 
 The occupations from ages 33 and 42 had been previously coded to the Standard 
Occupational Classification 1990 (SOC-90) scheme.  In order to use the ASJEM these codes 
needed to be converted to ISCO-88.  A freely available text file conversion program (from 
the Cambridge Social Interaction and Stratification (CAMSIS) project at the University of 
Stirling website (Lambert 2002) was used to convert SOC 90 codes to ISCO-88 codes.  This 
program consisted of lines of code containing a SOC-90 code with the associated ISCO-88 
code.  It was based on previous work from within the Occupational Information Unit based 
at the Office of National Statistics (ONS).  
  
Data was downloaded from the CLS portal and converted into a STATA 10 file using 
Stat Transfer.  The conversion program was run within STATA and this gave each period of 
employment an ISCO-88 and a SOC-90 code.  This STATA file contained:   
1) identifier indicating cohort member and job order  
2)  a SOC-90 code 
3) an ISCO-88 code 
 
Codes to represent unemployment and dates for beginning and end of a job were 
not included in this step but were merged into the dataset at a later date.  The first sweep 
to be recoded was sweep 5 (33 years).   
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Step 2: Review of the assigned ISCO-88 codes 
In order to check the effectiveness of the CAMSIS conversion program and the 
quality of the original coding, the free text descriptions of all occupational information 
collected at ages 33 and 42 was obtained.  This required a special agreement with the 
Centre for Longitudinal Studies (CLS) by which all of the data had to be pseudo-anonymised 
using an identifier different to that used in other 1958 Birth Cohort data files.   The data was 
transferred to Microsoft Access so that specific job titles and descriptions could be text 
searched, checked and re-coded using queries (many over 30 lines long).   
 
 This verification process involved several steps.  The free text job titles and 
descriptions were ordered by ISCO-88 code and compared to the ISCO-88 job description in 
the ISCO-88 handbook (International Labour Office Geneva 1990).  Where an ISCO-88 code 
was correct it was left unchanged.  The remainder were sorted alphabetically by job title 
and the largest groups of occupations were checked and re-coded.  When a job title was 
difficult to convert to an ISCO-88 code it was flagged up for further investigation.  These 
“difficult to code” jobs were then discussed with another coder (Debbie Jarvis or Paul 
Cullinan) and if they were still unclear, flagged for further evaluation by the expert panel 
(see later).  However in some circumstances there was limited free text to recode 
occupations and a series of rules were developed to deal with these in a systematic fashion.  
 
 Generic rules were developed first for jobs with limited information or missing 
information that was so extreme that no coding was possible or only a sub-major (one or 
two digit) ISCO-88 code could be applied.  More specific rules were developed for individual 
codes with the unexposed category of the ASJEM in mind; these are show in Tables 5.1 & 
5.2.  For example the ASJEM classifies nearly all clerical workers as unexposed and no 
increase in the accuracy of the exposure assignment would arise from coding these jobs 
down to a four digit unit level ISCO-88 code.  As clerical workers were a very large group it 
was decided that the four digit level coding was unnecessary and they remained coded to 
the major or sub-major levels.  They were checked thoroughly to ensure no potentially 
exposed jobs were in that group.  These rules were developed while coding occupational 
data from the survey at age 33, and then applied to the information collected at age 42. 
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Table 5.1: Job Coding-Generic Rules 
Rule 
Codes 
Job title and description blank or missing.  Job will be 
coded as missing 
Missing -999  
Limited information on job, where it is possible to place 
them in the correct major ISCO-88 groups and sub-major 
(i.e. 2 digit)  groups but not the specific minor group (3 
digits).   
Unspecified Managers -1200 
Unspecified Researchers – 2000 
Unspecified Engineers – 2140 
Unspecified Technicians – 3110 
Unspecified Builders – 7120 
Unspecified Mechanics – 7230 
Unspecified Chemical-processing plant 
operators – 8150 
Unspecified Machine operators – 8200 
Unspecified Food Processor – 8270 
Unspecified Labourers – 9310. 
Description of tasks given as a job title, with the 
description often missing.  Where possible the 
descriptions were checked through to confirm the most 
likely the job title.     
Examples –Job title:  “I lay bricks and do 
general building”  
Coded as bricklayer  
 
Two jobs given simultaneously. The occupation most 
likely to have exposure according to the Susan Kennedy 
JEM, is selected.  If neither job has exposure the first job 
is used to code. 
Example – “bus conductor/driver”, 
Drivers have combustion fume 
exposure, conductors do not, therefore 
coded as a driver 
Information in both title and description but is 
insufficient to code even to major group level.   
Un-codeable – 0000 
Example- “apprentice/apprentice” as the 
only information. 
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Table 5.2: Job Coding Rules for Specific Job Codes 
ISCO-88 Codes 
Rule Jobs of Specific Interest 
2300 - Teaching 
Professionals   
3300 - Teaching 
Associate 
Professionals   
All teaching professions considered unlikely 
exposed to asthmagenic compounds except if 
the free text suggests they are in a role that is 
not classroom based.  There are a large number 
of categories for teaching, such as, primary, 
pre-primary etc.  These distinctions have little 
relevance for exposure so all teachers were 
classified as Teaching Professionals – 2300 or 
Teaching Associate Professionals – 3300.   
Swimming teachers 
Craft and Design technology 
teachers(CDT) 
Driving instructors 
Woodworking  teachers 
Builder trainers 
 
 
9130, 9131, 9132 
– Cleaners 
 
Coded into either domestic (9131) or 
establishment (9132) cleaners and then 
remaining non-specific cleaners coded as 
Unspecified cleaners (9130). 
 
4100 - Clerks 
All clerks considered unexposed unless 
explicitly stated.   
Stock, Production and 
Transport clerks (4131, 4132, 
4133) coded separately and 
not in reference group 
4200 - Cashiers, 
Tellers and 
Related Clerks 
All cashiers and ticket clerks (4211), tellers and 
other counter clerks (4212), bookmakers and 
croupiers (4213), pawnbrokers and money-
lenders (4214) and debt-collectors and related 
workers (4215) coded as 4200. 
Bookies and croupiers (4213) 
were coded separately and 
not in reference group 
5110 - Travel 
Attendants and 
Related Workers 
All travel attendants (travel attendants and 
travel stewards -5111, transport conductors-
5112 and travel guides-5113) considered 
unexposed unless explicitly stated.   
 
8320 - Drivers 
Drivers that have no specific vehicle mentioned 
coded as car, taxi & van drivers (8322). 
 
Unspecified 
unexposed “bin” 
codes: 
Unspecified codes that are also unexposed: 
unnecessary to code them with much precision.  
They have been placed in a series of “bin” 
codes that are easily identifiable.  
Unspecified supervisors and 
foremen (5000) 
Unknown factory workers 
(9000) 
100 Prefix 
Groups of hard to code jobs identified so that 
could be coded at expert review stage.   
Mostly machine operators 
and managers 
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Steps 3 and 4: Merging with the Asthma Specific Job Exposure Matrix and expert 
evaluation 
Each verified ISCO-88 code was merged with the ASJEM in STATA.  This created a 
dataset with the unchecked and rechecked ISCO-88 codes, the free text job title and 
description, the exposure assigned by the ASJEM and the additional comments from the 
ASJEM on how to evaluate the exposure assignment.   This merged data set was therefore 
ready for the “expert review” step of the ASJEM.  This “expert review” was carried out on 
data from age 16 to 33 concurrently with the ongoing coding of information collected at age 
42.   
The panel of experts for this step were UK experts in occupational respiratory 
medicine, Prof Paul Cullinan, Dr David Fishwick, Dr Jennifer Hoyle and Dr Chris Warburton 
who are all members of the Group of Occupational Respiratory Disease Specialists (GORDS).  
The expert evaluation step was carried out according to the protocol established by 
Kennedy et al (Kennedy et al 2000).  The ASJEM indicates whether expert review is needed 
for each ISCO-88 code.  Two different reviews were possible: 
 
1: Check exposures: at least one exposure group code needs to be checked during 
re-evaluation step 
2: Check ISCO: ISCO code needs to be checked during re-evaluation step 
 
Blind to asthma status the experts were shown ISCO-88 codes with the free text and 
they discussed recoding/exposure reassignment in relation to the advised rules from the 
ASJEM.  They were asked to discuss the exposure or ISCO-88 code given and individually 
highlight any jobs that they felt were mis-coded or should have a different exposure.  These 
highlighted jobs were then discussed and either left unchanged, recoded or given a new 
exposure assignment.  Agreement was reached by consensus and in most instances all the 
experts agreed on the new exposure assignment.  If there was a disagreement about the 
assignment the majority decision was used.  In some cases, new rules were created for job 
titles with different exposures from the majority in that code (for example cake decorators 
and cake bakers – same ISCO code but different exposures).   The panel were reminded that 
the occupations from sweep 5 were those occurring between 1974 and 1991 and that they 
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should only consider whether or not exposure had been highly likely during that time.  If the 
exposure was likely to have changed between this time period and by sweep 6 (2000/1) this 
was discussed with the experts.    
 
Some amendments to this protocol were made by the experts over the course of the 
initial recoding of the ISCO-88 codes.  During discussion some codes were identified as 
needing exposure or coding review, but not all of these were codes highlighted by the 
ASJEM as in need of review.  These codes were reviewed by the panel as well as the ASJEM 
indicated codes.  Out of 506 ISCO codes the ASJEM identified 89 in need of exposure review 
and 104 in need of ISCO coding checking.  The UK experts reviewed a further 104 ISCO codes 
in need to review (nearly always a review of the exposure assignment).  A list of these 
additional ISCO codes is given in Table 12.1 in Appendix 1. 
 
The expert review step was only carried out on occupations from ages 16-33.  From 
this process it was possible to create exposure consistent reassignment rules for each ISCO 
code.  The rules created for exposures are shown in Appendix 1, tables 12.2 , 12.3 and 12.4, 
these tables show the ISCO-88 code and occupation, the original exposure assigned, the 
changes made to the exposure and whether this code had been identified as in need of 
review by the ASJEM.  These rules could then applied to the occupational data from ages 33-
42 after checking that no-one had worked in a previously un-reviewed ISCO codes by age 42.   
 
The rechecking and recoding of the ISCO-88 codes from 16 to 33 involved looking at 
66,151 jobs for 11,419 people.  This process took roughly 15 months to complete but was 
interspaced with the expert review process.  The expert panel was recruited in June 2008 
and the first of four day meetings was in August 2008, the final one in April 2009.    
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Generating a full employment history: 
Having developed a file containing ISCO-88 codes and ASJEM exposure assignments 
following expert evaluation, a file containing dates and other types of socio-economic 
activity other than paid employment was created.  This was first created for the ages 16 to 
33.  It contained a record of all economic activity including employment periods (coded to 
ISCO-88) with associated exposures.  It also contained all periods out of paid employment, 
categorised into 6 codes: 
 
1. Unemployed and seeking work,  
2. Government Training or work scheme 
3. Full-time education 
4. Full-time housework or childcare 
5. Unable to work because of sickness or handicap  
6. Other.  
 
Sweep 5 – Generating employment history ages 16-33 
The employment and unemployment histories were provided as two separate groups of 
data, each with a code and associated dates.  These needed to be combined into one full 
economic history in chronological order; this was done on sweep 5 before adding the data 
from sweep 6.  This was partly due to the ongoing sweep 6 recoding and partly because it 
allowed different techniques to be trialled on the smaller sweep 5 dataset before use on the 
larger combined dataset.   
 
An empty variable named "doing" was generated to indicate what a cohort member was 
doing during a specific time period.  Doing1 to doing12 were replaced with the 12 jobs 
available at age 33 going back to age 16 and doing13 to doing24 were replaced with the 12 
unemployment spells again covering the period 16 to 33 years.  The associated dates for 
these variables were given as a start month and year and an end month and year.  These 
were combined into two variables startdate (d/m/y) and enddate (d/m/y) with the day 
always assumed to be the 1st day of the month.  In order to sort the data into chronological 
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order the dates needed some cleaning, problems included missing and inconsistent months, 
start and end dates missing and "still doing" (the cohort member was still in the job at the 
time of interview so no end date was provided), therefore some assumptions had to be 
made.  
 
 If the month date was missing or coded as 0 but the year was present the missing 
month was replaced with the year midpoint June, coded as a 6. 
 If the end month was larger than 12 it was replaced with June (6). 
 If the end date was missing it was replaced with the start date of the next activity. 
 
 After cleaning, the data were then sorted by the start date so that the employment 
history was in chronological order from ages 16 to 33.  This data set was then merged with 
the health data from sweep 5 as well as the data from the previous sweeps; those without 
any occupational and health information were dropped from the analysis.  This dataset was 
then used to look at associations of between asthma and occupations/occupational 
exposures.  The specific methods for each analysis is discussed at the beginning of each 
results chapter. 
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Sweep 6 – Generating employment history 16-42 
Whilst the analysis of the 16 to 33 data was ongoing, sweep 6 data were recoded 
following the same protocol as detailed above. The data from sweep 6 contained up to 10 
ISCO-88 and unemployment codes covering from sweep 5 (age 33) up to age 42.  The cohort 
member was asked to continue their economic activity history from the last time period 
taken at sweep 5.  The data from this sweep were converted to the same format as sweep 5 
so that the two could be merged.  This caused a variety of problems mostly owing to the 
differences in the data collection methodologies between the two sweeps. 
 
 As stated it was felt that the expert review step (step 4) was unnecessary for the age 
33 to 42 data.  The same verification process was followed up to step 3 and the exposure 
assignment rules generated using the age 16 to 33 data were applied.  During steps 1 to 3 a 
few changes in occupations were noticed and a few of the expert review rules were 
changed.   For example latex exposure was removed from medical staff, due to the fact that 
the time period of sweep 6 was different. 
 
 At sweep 6 the variables containing the unemployment and job status information 
were more complicated than at sweep 5.  These variables were given in reverse 
chronological order with the most recent job/unemployment period called “econact" and 
for each subsequent previous period "activity" to "activity9".  This variable was used to 
create the “doing” variable for sweep 6 (doing25 to doing35).  The original labels used for 
these variables are given in figure 5.2 along with the recoding used.  Unemployment codes 
were recoded to the same scheme as used in sweep 5 with the addition of a seventh 
unemployment code for retirement.   
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Figure 5.2: Activity variable from sweep 6 with recoding used: 
 
Value = 1 Label = F/t paid employee (30+ hrs) 
 Value = 2 Label = P/t paid employee (lt 30 hrs) 
 Value = 3 Label = F/t self-employed 
 Value = 4 Label = P/t self-employed 
  
Value = 5 Label = Unemployed seeking work       - Unemployment code=1 
Value = 6 Label = F/t education       - Unemployment code =3 
Value = 7 Label = Government training scheme  - Unemployment code =2 
  
Value = 8 Label = Temporarily sick/disabled  
 Value = 9 Label = Permanently sick/disabled 
  
Value = 10 Label = Looking after home/family    - Unemployment code =4 
 Value = 11 Label = Wholly retired     - New unemployment code=7 
Value = 12 Label = Other (specify at next question)     - Unemployment code =6 
 
 Value = 13  Label =  ver02 - history incomplete   - recode to missing 
 Value = 98 Label = Don’t know     - recode to missing 
 Value = 99 Label = Not answered     - recode to missing 
 
If the cohort member answered “other” when asked for what they were doing at each 
“activity” period the interviewers were told to try to collect more information.  The answer 
for this was recorded in another set of variables called "othated1" to "othated10".  These 
variables were used for cohort members who answered “other”.  The answers available and 
the new coding used are shown in figure 5.3. 
  
Employed – given an 
ISCO-88 code 
Unemployment code = 5 
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Figure 5.3: Secondary activity variable from sweep 6 with recoding used: 
 
Value = 1 Label = F/t paid employee (30+ hrs) 
 Value = 2 Label = P/t paid employee (lt 30 hrs) 
 Value = 3 Label = F/t self-employed 
 Value = 4 Label = P/t self-employed 
 
 Value = 5 Label = Unemployed seeking work     - Unemployment code =1 
 Value = 6 Label = F/t education       - Unemployment code =3 
 Value = 7 Label = Government training scheme    - Unemployment code =2 
 
 Value = 8 Label = Temporarily sick/disabled 
 Value = 9 Label = Permanently sick/disabled 
 
 Value = 10 Label = Looking after home/family     - Unemployment code =4 
 Value = 11 Label = Wholly retired         - New unemployment code=7 
 
 Value = 12 Label = Employed but status unclear             - coded 0 
 Value = 13 Label = Self-employed, not known if FT/PT  - coded 0 
 
 Value = 14 Label = Employed, but unpaid      - Unemployment code =6 
Value = 15 Label = Voluntary work       - Unemployment code =6 
 
 Value = 16 Label = Part-time education      - Unemployment code =3  
 Value = 17 Label = Maternity leave      - Unemployment code =4 
 
 Value = 18 Label = Travelling   
 Value = 19 Label = Prison 
 Value = 20 Label = Other 
 
 Value = 21 Label = Irrelevant/unspecific response - recode to missing 
 
Employed – but no ISCO-
88 code so coded 0 
Unemployment code = 5 
Unemployment code = 6 
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At sweep 6 only start dates of occupations were collected and unlike sweep 5 data, 
the end date of each activity was defined by the start date of the next.  The net effect of this 
may be to underestimate the proportion of missing data as it is assumes that there are no 
missing periods of activity between each start date. The data at sweep 6 were in reverse 
chronological order to sweep 5 and therefore were reordered by start date.  The same 
assumptions used for sweep 5 were used to correct missing and inconsistent dates. 
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Merging sweep 5 and sweep 6 data: 
 The full employment history merged data from ages 33 and 42 to form a single 
dataset with both employment and unemployment periods in chronological order.  At 
sweep 5 many people were still in their current job and therefore the reported end date of 
was given as "still doing".   To match the two datasets perfectly required that this activity 
given at sweep 5, was the same as the activity reported as being performed at the age of 33 
when interviewed at age 42.  When the two datasets were merged only those with 
information available at sweep 5 and at sweep 6 were included.  This left 9890 cohort 
members with occupational information covering the period 16 to 42.   
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Data cleaning of the employment history 
Inconsistencies in the employment history after merging the two sweeps were 
identified and as many as possible were cleaned.  The data was sorted by 1) job start dates 
and 2) the original order of the jobs.   A series of variables were generated to identify 
potential duplicate jobs as well as jobs with missing information, the numbers of these are 
shown in table 5.3.   
 
Table 5.3 : Problems with the original uncorrected data set: 
Problems 
Numbers of People Numbers of “jobs” 
End dates missing 612 1390 
Start dates missing 135 138 
Overlapping potential duplicate jobs  9106 9484 
Out of order (sweep 6 before sweep 5) 4488 4667 
 
 Rules were then created in order to correct as many of the potential problems as 
possible.  Any inconsistencies that could not be corrected by these rules were looked at and 
corrected on an individual basis.  These rules are listed in appendix 2. 
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Occupational grouping (ECRHS groups): 
It was expected that some ISCO-88 code occupational groups would be small, 
perhaps too small for analysis, and an alternative scheme to group jobs would be needed.  
This scheme (referred to in this thesis as “ECRHS groups”) was based on previous work 
conducted on the ECRHS.  The grouping scheme was obtained through personal 
communication with Dr Jan-Paul Zock.  This scheme is similar to the one based on SWORD 
high risk occupations discussed in the literature review of the ECRHS papers (chapter 2 ).  It 
groups the ISCO-88 codes into 27 industry groups with similar exposures, increasing the 
power of the analysis.  The 27 groups used are given in table 5.4 (group 28 was added to 
indicate “out of the workforce”).  
 
These groups were obtained as an Excel file that listed each ISCO-88 code along with 
its assigned ECRHS group.  The dataset was merged with these groups so that each ISCO 
code had an “ECRHS group”.   In addition these 27 groups could be further collapsed a priori 
into high/medium/low risk for asthma based on the ECRHS paper (Kogevinas et al 2007).  
The low risk group (group 1 - “Legislators, managers, administrators, clerks, and remainder 
professional”) was used as the reference group, most having ISCO-88 codes associated with 
white collar administrative work.  However with advice from the expert group some ISCO 
codes were excluded from the reference group.  These exceptions were ISCO-88 codes: 
 1315 – General Managers in restaurants and hotels 
 2221 – Medical doctors 
 2224 – Pharmacists 
 3133 – Medical equipment operators 
 3211 – Life Science technicians 
 3473 – Street, night-club and related musicians, singers and dancers 
 5123 - Waiters, waitresses and bartenders 
The high risk group was comprised of 12 ECRHS groups that were considered to be at 
the greatest risk for the development of asthma.  The medium risk group was any other 
ECRHS group not in low or high risk groups.    
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Table 5.4: ECRHS industry groups* 
Category Group Description Risk Group 
01 Legislators, managers, administrators, clerks, and remainder 
professional 
Low risk (Reference 
group) 
02 Cleaners and caretakers Medium risk  
03 Hairdressers, barbers, beauticians and related workers Medium risk 
04 Nurses Medium risk 
05 Other medical and pharmacy, excluding nurses High risk 
06 Agriculture and forestry Medium risk 
07 Wood workers High risk 
08 Bakery workers Medium risk 
09 Food and tobacco processing High risk 
10 Chemical and physical science technicians High risk 
11 Plastics and rubber workers Medium risk 
12 Chemical processors Medium risk 
13 Welders and flame cutters Medium risk 
14 Metal making and treating Medium risk 
15 Other metal workers Medium risk 
16 Electrical processors Medium risk 
17 Painters Medium risk 
18 Spray painters Medium risk 
19 Textile, leather and fur workers High risk 
20 Paper workers High risk 
21 Printing workers Medium risk 
22 Glass and ceramics workers High risk 
23 Construction and mining High risk 
24 Drivers High risk 
25 Remainder transport and storage High risk 
26 Remainder blue-collar High risk 
27 Not classifiable High risk 
28 Out of the workforce (any reason)  
*Courtesy of Dr Jan-Paul Zock 
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Different methods of exposure grouping 
Table 5.5 shows the numbers of individuals who have ever worked in selected 
occupational groups (known to be associated with asthma) with exposures defined using the 
three different methods (ISCO-88 codes, ECRHS groups and ASJEM exposure groups).  
Column one lists job titles and columns two and three show their associated ISCO-88 codes 
and the number of individuals that have ever worked in that job.  Columns four and five 
show which ECRHS group that occupation is assigned to and the numbers of individuals that 
have ever worked in each group.  Similarly, columns six and seven show which ASJEM 
exposure groups are associated with these occupations and the numbers that have ever 
worked in them. 
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Table 5.5: Numbers of individuals that have ever worked in different exposure groups  
Job Title 
ISCO-88 
code 
n 
ECRHS 
group 
n ASJEM exposure n 
Bakers, pastry-cooks and confectionery 
makers 
7412 128 
Bakery 
workers 
213 
HMW flour associated 
antigens 
143 
Baked-goods, cereal and chocolate-products 
machine operators 
8274 91 
HMW antigenic enzymes 117 
Total n 219 
Unspecified cleaner 9130 209 
Cleaners 
and 
caretakers 
1030 
LMW reactive cleaning / 
disinfecting products 
1014 
Domestic helpers and cleaners 9131 143 
Helpers and cleaners in offices, hotels and 
other establishments 
9132 680 
HMW mite and insect 
antigens 
323 
Building caretakers 9141 48 
Possible exposure to 
irritants gasses or fumes 
3387 
Vehicle, window and related cleaners 9142 74 
Low antigens 4371 Sweepers and related labourers 9162 19 
Total n 1173 
Varnishers and related painters 7142 82 
Paint 
sprayers 
82 
LMW reactive chemicals - 
isocyanates 
263 
LMW highly reactive 
chemicals 
1098 
Carpenters and joiners 7124 356 
Wood 
workers 
365 
LMW antigenic wood 
dusts 
370 
Handicraft workers in wood and related 
materials 
7331 5 
Possible exposure to 
irritants gasses or fumes 
3387 
Cabinet makers and related workers 7422 70 
Woodworking machine setters and setter-
operators 
7423 1 
Wood-processing-plant operators 8141 7 
Wood-products machine operators 8240 51 
Total n 490 
Weavers, knitters and related workers 7432 6 
Textile, 
leather 
and fur 
workers 
428 
Mixed environments: 
textile production 
346 
Tailors, dressmakers and hatters 7433 23 
Textile, leather and related pattern-makers 
and cutters 
7435 24 
Sewers, embroiderers and related workers 7436 37 
Upholsterers and related workers 7437 37 
Pelt dressers, tanners and fellmongers 7441 3 
Shoe-makers and related workers 7442 23 
LMW highly reactive 
chemicals 
1098 Fibre-preparing-, spinning- and winding 
machine operators 
8261 44 
Weaving- and knitting-machine operators 8262 47 
Low Antigens 4371 
Sewing machine operators 8263 177 
Bleaching-, dyeing- and cleaning-machine 
operators 
8264 18 
Fur and leather-preparing-machine operators 8265 10 
LMW reactive 
cleaning/disinfecting 
product 
1014 
Shoemaking- and related machine operators 8266 14 
Textile-, fur- and leather-products machine 
operators not elsewhere classified 
8269 35 
Total n 461 
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This table shows that the numbers of individuals who have ever worked in an ISCO-
88 code relates closely to the numbers that have ever worked in an ECRHS group.  In some 
cases the ISCO-88 codes and the ECRHS groups are identical (e.g. paint sprayers), but in 
general an ECRHS group will have a smaller number of individuals than the sum of the 
corresponding ISCO-88 codes.  This is due to the manner in which the “ever” groups were 
defined.  Individuals who had ever worked in more than one closely related but distinct 
ISCO-88 group (i.e. Domestic helpers and cleaners – 9131 and Helpers and cleaners in 
offices, hotels and other establishments - 9132) would be included more than once when 
the sum of these ISCO-88 codes was created but would only be counted as ever working in 
the associated ECRHS group once.  If this table had been repeated looking at the cross-
sectional data the numbers in the ECRHS groups and the sum of the related ISCO-88 codes 
would have been identical.  This is unsurprising as the occupations within an ECRHS group 
are closely related to one another.   
 
In contrast, the numbers of individuals in an ASJEM group associated with an ISCO-
88 code are much greater than the number of individuals in an ISCO-88 code.  This reflects 
the fact that many other occupations are also associated with these ASJEM exposures.  In 
certain ASJEM exposure groups the numbers of workers show a clear relationship with the 
numbers in certain occupations; the number of individuals who had ever worked as a 
“Carpenter and joiner (n=356)” for example is very similar to the number ever exposed to 
LMW antigenic wood dusts (n=370) because most carpenters were given an ASJEM code for 
exposure to LMW wood dust.  However some carpenters were also given a code for possible 
exposure to irritants gases or fumes (n=3387); the numbers in this ASJEM group have little 
relation to the number of carpenters (or all wood workers – defined by the ECRHS group) as 
many other occupations also have this exposure.  In general the numbers of individuals in 
the high risk for asthma ASJEM groups (HMW, LMW and mixed exposures) showed a clear 
relationship to the numbers in the associated ISCO-88 groups.  The larger low risk groups 
(e.g. possible exposure to irritants gasses or fumes) were more weakly related as many 
more occupations have these exposures. 
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Adding health data to the employment history 
 The corrected employment history was merged with the health information from 
sweeps 0 to 6 (birth to age 42).  This dataset included 18,558 people with some information 
either on their health status or their occupational status.  Of these 9890 had an employment 
history (ages 33 and 42) and some information on health up to the age of 42.  The data were 
then prepared for analysis; this involved identifying the relevant variables need for each 
analysis and dropping those of no interest.  The asthma and other allergic disease variables 
from sweeps 1 to 6 were identified and recoded into a binary format (e.g. asthma at age 7 
yes/no). 
 
 Descriptions of the exact health and exposure variables, as well as the statistical 
method used are detailed in each chapter. 
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Statistical Method 
Associations between new onset adult asthma and exposures were investigated in 
STATA 10 using multivariate unconditional logistic regression models with adjustment for a 
priori potential confounders.  Selection of confounders was based on results of the 
literature review and from analyses that were being conducted in parallel to this PhD (see 
page 203). 
For each analysis odds ratios, p-values and 95% confidence intervals were generated.  
The logistic regression models were constructed using indicator (dummy) variable sets for 
the categorical variables.  Effect modification of the effects of exposure by sex and by 
smoking was assessed by the inclusion of interaction terms.  
 
The confounders included were:   
 Sex 
 Smoking as reported at age 33 (never smoking = 0):  
0. never,  
1. ex-smokers :1-19 cigarettes: >5yr 
2. ex-smokers : ≥20 cigarettes:>5yr 
3. ex-smokers : 1-19 cigarettes:≤5yr 
4. ex-smokers : ≥20cigarettes:≤5yr  
5. current smoker : <1-9 cigarettes  
6. current smoker : 10-19 cigarettes 
7. current smoker : ≥20 cigarettes 
 ‘Father's’ social class at birth based on the mother’s husband’s occupation and 
classified using the Registrar General's social class allocations from the 1951 Census 
(professionals  = 0): 
0. Professional,  
1. Managerial-technical,  
   Skilled: 
2. Non-manual,  
3. Skilled manual,  
4. Partly skilled,  
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5. Unskilled,  
6. Other / unknown 
 Area of residence at age 33: 
1. North,  
2. Yorkshire & Humberside,  
3. East Midlands,  
4. East Anglia,  
5. South East,  
6. South West,  
7. West Midlands,  
8. North West,  
9. Wales,  
10. Scotland.   
 Childhood hayfever  
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Correction for multiple testing: 
Since the association of asthma with a large number of exposures (up to 125 in some 
analyses) was being tested it is likely that some of the observed relationships might have 
arisen by chance.  To minimise the reporting of false positive associations two methods 
were used to adjust for multiple testing – a) the SIMES procedure and b) the Bonferroni 
adjustment. 
The SIMES procedure provides a ‘corrected’ p value based on the number of associations 
tested, the magnitude of the p values that have been observed and on the false discovery 
rate (FDR). The FDR is the expected proportion of all of the positive associations observed 
that are likely to be false positives. In this work the FDR was set at 20%. This means that, for 
each analysis, we can be 80% confident that at least one of the associations with a p value 
below the corrected value is a true association, and 60% confident that at least half of the 
associations with a p value below the corrected value are true associations.  
 
The outputs of the SIMES procedure are presented graphically on a “smile plot”.  This 
shows the observed odds ratios against their corresponding p-values and displays them in 
relation to the new threshold for significance.  In a smile plot data points correspond to the 
multiple estimated exposures, with the p-values (on a reverse log scale) shown on the y-axis 
with the corresponding odds ratios on the x-axis.  Two y-axis reference lines are shown at 
the uncorrected and corrected overall critical p-values.  An example of a smile plot is given 
on page 185.    
However the SIMES procedure is only valid if there are at least five cases in each 
exposure group, and many of the smaller occupational groups could not be included for this 
reason (Benjamini et al. 2001).   For these analyses the Bonferroni adjustment was used 
instead of the Simes procedure.  This method is considerably more conservative than the 
Simes procedure (Rodland 2006) with the new threshold for significance being based on the 
multiplication of p=0.05 by the number of associations tested. An association that is still 
observed after this stringent test is highly unlikely to have arisen by chance, but the 
corollary is that some true positive associations may have also been discarded (i.e. lower 
chance of Type I errors, and higher chance of Type 2 errors with Bonferroni) 
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 For the significant associations observed in the “ever” exposed analysis, the length of 
time (in years) in the exposure was calculated.  Those not exposed were excluded as were 
those who had not provided useable dates of exposure (some occupational histories 
contained ISCO codes but inaccurate or missing dates).  The non-parametric Mann-Whitney 
test was used to determine if those with adult onset asthma were likely to have been 
exposed for longer than those without asthma. 
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Chapter 6: Asthma and occupation ages 16-33 years 
Introduction 
By April 2009 the information on the employment history for the period age 16-33 
years had been coded to ISCO-88, the ASJEM had been applied and the expert evaluation 
step completed.  The coding and application of the ASJEM for data covering ages 33 to 42 
was still ongoing. Whilst this was completed analyses were conducted using available 
information up to the age of 33 years.  
 
Aim of analysis: 
1. To assess the association of new onset adult asthma as reported at age 33 with 
occupations and occupational exposures experienced between the age of 16 and 33 
years. 
2. To develop statistical methods, and identify methodological difficulties in conducting 
the analysis.   
3. To assess whether cohort members with childhood asthma or other allergic disease 
selected jobs differently to those without these conditions. 
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Method: 
All occupations and ASJEM exposures (expert reviewed) between ages 16 and 33, were 
merged with the available health data from the 1958 Birth Cohort.  The methods used to 
create this data set are detailed in chapter 5.   
Sample at age 33: 
The original survey at age 33 contained 11468 participants with any information.  For 
these analyses cohort members were excluded from the sample used if: 
 
1. Asthma status at age 33 was absent (n=114) 
2.  Information on childhood asthma was absent (n=327) 
3. Occupational information was absent (n=645) 
4. Occupational information was inconsistent (e.g. more than 12 jobs reported, only 
unemployment period reported, jobs but no dates) (n=390) 
Some of this missing information was in more than one category.  For example many of 
those with some missing occupational information also had inconsistent occupational 
information.  In total 1426 participants were dropped from the analysis leaving a total 
sample of 10043.  The characteristics of those excluded were compared to those remaining 
and differences were assessed using the Χ2 test.   
 
In order to define new onset adult asthma all those whose parent had reported asthma or 
wheezy bronchitis in childhood (age 7, 11 or 16) were excluded (n=2477).  This left a sample 
of 7566 people with consistent occupational information and asthma status at age 33.   
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Outcome definition: 
A range of analyses were carried out on this sample using differing definitions of 
exposure.  For all of these analyses the outcome was “new onset adult asthma”.  This was 
defined as those who had replied positively to the question ‘Have you ever been told that 
you have asthma?’ at age 33. 
 
Exposure definition: 
A range of exposure definitions was used in these analyses.  The first analysis was a 
cross-sectional analysis and the current exposure at age 33 was defined in four ways: 
 
1) Currently working in a specific occupation as classified by ISCO-88 codes, with all those 
not working being considered in six unemployment categories: 
1. Unemployed and seeking work,  
2. Government Training or work scheme 
3. Full-time education 
4. Full-time housework or childcare 
5. Unable to work because of sickness or handicap  
6. Other.  
The reference group was all cohort members currently working in an office based 
occupation (legislators, managers, administrators, clerks), based on ISCO-88 codes in ECRHS 
group 1 with exceptions for ISCO-88 codes: 
 1315 – General Managers in restaurants and hotels 
 2221 – Medical doctors 
 2224 – Pharmacists 
 3133 – Medical equipment operators 
 3211 – Life Science technicians 
 3473 – Street, night-club and related musicians, singers and dancers 
 5123 - Waiters, waitresses and bartenders 
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2) As many of the occupations were likely to have numbers that were too small for analysis 
a compression of the occupational codes was undertaken to increase the group sizes.  
ISCO-88 codes that had fewer than five cases were identified and collapsed into groups 
with similar ISCO-88 codes.   Where this was not possible individuals within these groups 
were excluded.  The effect of this grouping is detailed in appendix 3; an example of one 
of the occupational groups created during this process is given in Table 6.1.1.  Various 
health professionals (except nursing) were identified by the codes 2221, 2222, 2223 and 
2224.   Individually these codes did not contain enough cases to allow them to be 
included in the analysis.  Therefore they were collapsed into one code, 2220 (Health 
Professionals except nursing), giving sufficient cases to be included in the analysis.  The 
reference group used was the same as for the specific occupations analysis. 
Table 6.1.1:  Example of the collapsing of ISCO-88 code groups 
Original 
Occupation 
ISCO-88 
code 
n n case 
New Occupational 
group 
New 
code 
New 
n 
New n 
case 
Medical Doctors 2221 41 4 
Health 
Professionals 
(except nursing) 
2220 71 6 
Dentists 2222 6 1 
Veterinarians 2223 4 0 
Pharmacists 2224 15 1 
  
3) Currently working in an occupational group, as defined by previous studies using the 
ECRHS data, in which ISCO-88 codes were grouped into 27 categories with all those not 
working considered as one code. The reference group was all cohort members currently 
working in one of the ECRHS group 1 occupations (legislators , managers, administrators, 
clerks and other professionals). 
 
4) Currently working in an occupation defined by the SK ASJEM as being at high risk of 
exposure to one of 23 possible asthmagenic agents.  Currently unemployed members of 
the sample were considered as one group as used in the ECRHS groups analysis and the 
reference group was sample members currently in occupations defined by the SK ASJEM 
as being ‘Unlikely to be exposed to 'asthmagenic' compounds'.  
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Using the full employment history these analyses were repeated with a slightly differing 
exposure definition.  Following the same format as the cross-sectional analysis the exposure 
was defined as: 
1.  “Ever”, identifying individuals who had at any time between 16-33 years worked 
in the exposure category.  
2. For those “ever” occupations that were significantly associated with adult onset 
asthma the duration of employment in that occupation was calculated.  
3. “Always” identifying individuals who had only ever worked in one occupation or 
exposure category from ages 16-33. 
For clarity these different strands of analyses are shown in Figure 6.1.1.  The reference 
groups differed slightly for each analysis, and are shown in table 6.1.2.  All of these analyses 
were conducted using STATA version 10. 
 
Table 6.1.2.  Reference groups used 
Occupational variable 
Reference groups 
Currently working in  ISCO-88 code 
Currently working in any code that is  ECRHS 1 with 
some exceptions 
Currently working in  an ECRHS group Currently working in ECRHS group 1 
Currently working in  an ASJEM 
exposure 
Currently in an occupation that is ‘Unlikely to be 
exposed to 'asthmagenic' compounds’ 
Ever worked in  ISCO-88/ 
unemployment code 
Only ever worked in a job that is coded ECRHS 1 with 
some exceptions 
Ever worked in  an ECRHS group Only ever worked in a job that is coded ECRHS 1 
Ever worked in  an ASJEM exposure 
Only ever worked in a job that is ‘Unlikely to be 
exposed to 'asthmagenic' compounds’ 
Always worked in  ISCO-88/ 
unemployment code 
Only ever worked in a job that is coded ECRHS 1 with 
some exceptions 
Always worked in  an ECRHS group Only ever worked in a job that is coded ECRHS 1 
Always worked in  an ASJEM exposure 
Only ever worked in a job that is ‘Unlikely to be 
exposed to 'asthmagenic' compounds’ 
 
 176 
 
Figure 6.1.1: Different analyses looking at the association of new onset adult asthma at age 33 with occupational exposures: 
 
 
Sample at age 33  
Occupational 
groups 
Current Ever 
Duration in each 
significant 
exposure 
Always 
Occupations 
Current  Ever 
Duration in each 
significant 
exposure 
Always 
ECRHS groups 
Current  Ever 
Duration in each 
significant 
exposure 
Always 
ASJEM exposures 
Current  Ever 
Duration in each 
significant 
exposure 
Always 
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The association between new onset adult asthma and exposure was investigated using 
logistic regression with adjustment for a priori potential confounders, these were:   
1. Sex 
2. Smoking as reported at age 33:  
0. never,  
1. ex-smokers :1-19 cigarettes: >5yr 
2. ex-smokers : ≥20 cigarettes:>5yr 
3. ex-smokers : 1-19 cigarettes:≤5yr 
4. ex-smokers : ≥20cigarettes:≤5yr  
5. current smoker : <1-9 cigarettes  
6. current smoker : 10-19 cigarettes 
7. current smoker : ≥20 cigarettes 
3. ‘Father's’ social class at birth based on the mother’s husband’s occupation and 
classified using the Registrar General's social class allocations from the 1951 Census: 
i. Professional,  
ii. Managerial-technical,  
iii. Skilled:      
i.  Non-manual,  
ii. Skilled manual,  
iv. Partly skilled,  
v. Unskilled,  
vi. Other / unknown 
4. Area of residence at age 33: 
o North,  
o Yorkshire & Humberside,  
o East Midlands,  
o East Anglia,  
o South East,  
o South West,  
o West Midlands,  
o North West,  
o Wales,  
o Scotland.   
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For the significant associations observed in the “ever” exposed analysis, the length of time 
(in years) in the exposure was calculated.  Those not exposed were excluded as were those 
who had not provided useable dates of exposure (some occupational histories contained 
ISCO codes but inaccurate or missing dates).  The non-parametric Mann-Whitney test was 
used to determine if those with adult onset asthma had spent longer in the exposure than 
those without asthma. 
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Results: 
As stated in the methods those with missing or inconsistent data were dropped from 
the sample.  Those eligible for this analysis were compared to those ineligible using the Χ2 
test, the results are shown in table 6.1.3. 
 
Table 6.1.3: Characteristics of eligible vs. Ineligible participants 
Status at 33 Eligible 
n=  10043 
Ineligible 
n=  1426 
p-value* 
% male  48.82 51.26 0.084 
% ever told asthma by age 33 8.97 9.15 0.835 
% allergic disease ages 0-16 24.93 20.03 0.008 
% asthma/wheezy bronchitis 0-16 21.98 21.12 0.472 
    
Employment    
% in full time employment  53.08 50.67 
0.116 
% permanently sick /disabled  1.22 1.65 
% home/family care  14.06 14.90 
% full-time education  0.65 0.30 
% unemployed  3.95 4.34 
    
Smoking    
% never  48.44 47.01 
0.228 % ex smoker  20.12 19.23 
% current  31.44 33.76 
    
Fathers social class at birth    
% non-manual 28.05 25.95 
0.056 % manual 68.48 69.57 
% other 3.48 4.49 
* Χ
2
 test 
 
Comparison of those included and excluded from the analysis showed that those 
reporting complete occupational and health information were more likely to have had 
reported allergic disease (asthma, hayfever or eczema in childhood).  No other major 
differences were observed. 
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Description of the sample at age 33 
 After excluding childhood asthma or wheezy bronchitis the sample consisted of 7566 
people with a job history for the ages 16 to 33.  Table 6.1.4 shows the socio-demographic 
features of those included in this analysis.   
Table 6.1.4: Description of the sample at age 33: 
Status at 33    Total = 7566 % (n) 
% male at age 33 47.2 (3568) 
Current employment:  
% any form of occupation 79.6 (6016) 
% in full time employment 52.7 (3980) 
% permanently sick /disabled 1.0 (72) 
% home/family care 14.1 (1066) 
% full-time education 0.7 (49) 
% unemployed 3.9 (291) 
Median Number of jobs by 33 (IQR) 4 (2 to 6) 
Median Number of unemployment periods (IQR) 1 (0 to 2) 
Age left school -years:  median (IQR) 16.3 (16.3 – 17.3) 
Smoking  
% current 31.0 (2348) 
% never smoked by 33 48.8 (3691) 
Health:  
% ever told asthma at 33 years 4.7 (355) 
% childhood allergic disease (hayfever or eczema 0-16) 21.1 (899) 
Paternal Social Class  
Professional 4.7 (357) 
Managerial-technical 13.4 (1,016) 
Skilled non-manual 10 (753) 
Skilled manual 48.6 (3,678) 
Partly skilled 12.0 (906) 
Unskilled 8.1 (612) 
Other / unknown 3.2 (244) 
Region at 33  
North 6.5 (492) 
Yorkshire & Humberside 9.1 (691) 
East Midlands 6.9 (523) 
East Anglia 3.6 (271) 
South East 30.7 (2323) 
South West 9.0 (678) 
West Midlands 8.7 (655) 
North West 10.6 (804) 
Wales 5.4 (409) 
Scotland 9.5 (720) 
  
181 Chapter 6: Asthma and occupation ages 16-33 years 
 Of the sample 47% were men, with the largest percentage (31%) living in the South 
East and the smallest percentage living in East Anglia (4%).  At age 33, 80% of the sample 
was in some form of employment, with fewer than 1% in full time education and 14% in 
home/family care; of this latter group 99% were women.   By age 33 the median number of 
jobs held by each cohort member was 4 and the median number of unemployment periods 
was 1.  Almost a third of the sample members were current smokers.  The prevalence of 
‘ever asthma’ at age 33 in this group of adults who had not had asthma/wheezy bronchitis 
at ages 7, 11 or 16 was 5%. 
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Cross-sectional analyses 
Results- Current ISCO-88 and unemployment codes 
 Cohort members were currently working in one of 95 ISCO-88 codes or were 
unemployed and in one of six unemployment codes.   Of these, only nine codes had at least 
five cases of new onset adult asthma.  Two ISCO-88 codes were associated with adult onset 
asthma but each only had a small number of cases.   
Table 6.1.5: Current ISCO-88 /unemployment codes at age 33 significantly associated with 
adult onset asthma   
Current occupation 
Total n = 7566 
Case/ 
total n 
OR OR* 95%CI 
p-
value 
Reference group (all clerical workers) 173/3531 1.00 1.00 - - 
5 – currently unemployed due to sickness or 
disability 
7/78 1.91 2.31 1.03-5.16 0.042 
8121 - Ore and metal furnace operators 2/7 7.76 14.86 2.70-81.79 0.002 
9152 - Doorkeepers, watchpersons and 
related worker 
2/12 3.88 5.06 1.07-23.84 0.041 
Bold = reached conventional levels of significance (p<0.05) 
*Adjusted for sex, smoking, region and fathers social class at birth 
 
 Currently working as an “ore and metal furnace operator” and as a “doorkeeper, 
watchperson and related worker” was associated with an increased risk of adult onset 
asthma by age 33.  However as there were very limited numbers in each of the ISCO-88 
codes the analysis was repeated with the collapsed occupational groupings described in the 
methods (and in more detail in appendix 3).  After this, ten occupational groups and four 
unemployment codes remained for analysis.  Only one was significantly associated with new 
onset adult asthma, this is shown in table 6.1.6. 
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Table 6.1.6: Current occupational groups at age 33 significantly associated with adult 
onset asthma   
Current occupation 
Total n = 7566 
Case/ 
total n 
OR OR* 95%CI p-value 
Reference group (all clerical workers) 173/3358 1.00 1.00 - - 
5 – currently unemployed to sickness or 
disability 
7/78 1.91 2.34 1.05-5.24 0.039 
Bold = reached conventional levels of significance (p<0.05) 
* Adjusted for sex, smoking, region and fathers social class at birth 
 
  Using the collapsed occupational groups only currently being unemployed due to 
sickness or disability was associated with adult onset asthma.  The other significant 
associations observed before the ISCO-88 codes were collapsed were not seen in this 
analysis.   
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Results - Current ECRHS groups: 
 Current exposure was considered in one of the 27 groups defined by the ECRHS 
study.  In addition exposure was considered as “high risk” if individuals worked in a group 
defined by Kogevinas et al as high risk (the methodology of this is detailed in Chapter 5).  
Only 24 groups had any asthma cases and only nine of these had at least five cases.  The 
reference group, which was all administrative and office jobs, contained 50% of the sample.   
Table 6.1.7: Current ECRHS groups at age 33, associations with adult onset asthma   
Current ECRHS group  
Case/ total 
n 
OR OR* 95% CI p-value 
Currently in ECRHS group 1-all admin/office jobs 
(reference group) 
189/3767 1.00 1.00 - - 
Unemployed 77/1372 1.13 1.03 0.78-1.37 0.813 
“High risk “ group 43/ 1227 0.69 0.83 0.59-1.18 0.298 
2 (Cleaners and caretakers) 5/188 0.52 0.52 0.21-1.29 0.158 
3 (Hairdressers) 5/50 2.10 1.77 0.68-4.58 0.241 
4 (Nurses) 12/238 1.01 0.85 0.73-1.56 0.605 
5 (Other medical and pharmacy, excluding nurses)
  
11/152 1.48 1.39 0.73-2.64 0.313 
6 (Agriculture and forestry) 2/97 - - - - 
7 (Wood workers) 4/96 0.82 1.38 0.49-3.90 0.540 
8 (Bakery workers) 1/23 - - - - 
9 (Food and tobacco processing) 7/124 1.13 1.19 0.54-2.62 0.658 
10 (Chemical and physical science technicians) 0/13 - - - - 
11 (Plastics and rubber workers) 1/9 - - - - 
12 (Chemical processors) 1/19 - - - - 
13 (Welders and flamecutters) 2/29 - - - - 
14 (Metal making and treating) 3/41 - - - - 
15 (Other metal workers) 6/260 0.45 0.71 0.30-1.65 0.424 
16 (Electrical processors) 4/157 0.49 0.71 0.25-1.96 0.505 
17 (Painters) 2/34 - - - - 
18 (Spray painters) 0/13 - - - - 
19 (Textile, leather and fur workers) 2/63 - - - - 
20 (Paper workers) 0/15 - - - - 
21 (Printing workers) 2/42 - - - - 
22 (Glass and ceramics workers) 0/14 - - - - 
23 (Construction and mining) 4/262 0.29 0.46 0.17-1.29 0.140 
24 (Drivers) 4/174 0.45 0.67 0.24-1.87 0.447 
25 (Remainder transport and storage) 5/57 1.82 2.62 1.01-6.78 0.047 
26 (Remainder blue-collar) 5/166 0.59 0.71 0.29-1.77 0.466 
27 (Not classifiable) 1/91 - - - - 
Bold = reached conventional levels of significance (p<0.05) 
* Adjusted for sex, smoking, region and fathers social class at birth 
 
 In the unadjusted analyses currently working in any “high risk” occupation was 
associated with a decreased risk of adult onset asthma, as was currently working in an 
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occupation in group 23  “Construction and mining”.   In the adjusted analysis neither of 
these ECRHS groups remained significantly associated with new adult onset asthma.  
However group 25 “Remainder transport and storage” was significantly associated with an 
increased risk of adult onset asthma.  When corrected for multiple testing group 25 was no 
longer significantly associated with asthma as shown in figure 6.1.2. 
 
Figure 6.1.2: Associations between adult onset asthma and currently working in an ECRHS 
group at age 33, corrected for multiple testing 
 
Numbers represent ECRHS occupational groups  
25= Remainder transport and storage 
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Results - Current ASJEM exposures: 
 The significant associations between adult onset asthma and currently working in an 
occupation with an ASJEM defined exposures are shown in table 6.1.8.  Ten individual 
exposure groups had at least five asthma cases.   
Table 6.1.8: Current ASJEM exposure groups at age 33, associations with adult onset 
asthma   
Current exposure Case/ total OR OR** 95% CI p-value 
Reference group (Unlikely exposed) 172/3352 1.00 1.00 - - 
Unemployed 77/1372 1.10 1.01 0.76-1.3 0.937 
“Any risk “ group 102/2690 0.56 0.60 0.36 - 0.98 0.042 
Any high risk 53/1144 0.82 0.87 0.69-1.11 0.269 
Any low risk 76/2164 1.11 1.08 0.84-1.38 0.554 
Any HMW 29/615 0.92 0.88 0.59-1.32 0.535 
Any LMW 26/599 0.84 1.02 0.66-1.57 0.927 
Any mixed 6/190 0.60 0.78 0.34-1.81 0.565 
HMW animal antigens 1/51 - - - - 
HMW fish/shellfish antigens 0 - - - - 
HMW flour associated antigens 1/21 - - - - 
HMW plant (other) associated antigens 1/33 - - - - 
HMW mite and insect antigens 0 - - - - 
HMW antigenic enzymes 0 - - - - 
HMW latex antigens 26/439 1.16 1.04 0.67-1.59 0.872 
HMW bioaerosol antigens 0 - - - - 
HMW pharmaceutical product antigens 0 - - - - 
LMW highly reactive chemicals 11/192 1.12 1.25 0.66-2.36 0.496 
LMW reactive chemicals - isocyanates 2/41 - - - - 
LMW reactive cleaning / disinfecting products 4/167 0.45 0.46 0.17-1.25 0.128 
LMW antigenic wood dusts 4/98 0.79 1.29 0.46-3.61 0.630 
LMW metal and metal fume antigens  9/174 1.01 1.44 0.71-2.92 0.307 
Mixed environments: metal working fluids 
exposures 
2/53 - - - - 
Mixed environments: textile production 2/38 - - - - 
Mixed exposures: agricultural antigens 2/99 - - - - 
High probability of accidental peak exposure to 
irritants 
5/104 0.93 1.51 0.60-3.84 0.385 
Combustion particles/fumes: vehicle / motor 
exhaust  
10/527 0.36 0.50 0.26-0.96 0.037 
High probability of exposure to environmental 
tobacco smoke 
10/194 1.01 0.94 0.49-1.83 0.861 
Possible exposure to irritants gasses or fumes 25/885 0.54 0.64 0.41-0.99 0.044 
Low antigens: May be exposed to "asthmagens" but 
low probability of enough exposure for OA 
29/1184 0.80 0.88 0.63-1.22 0.434 
Uncertain: Relevant exposures remain uncertain 
even after checking 
77/1372 1.02 1.10 0.70-1.74 0.678 
u.Bold = reached conventional levels of significance (p<0.05) 
* Adjusted for sex, smoking, region and fathers social class at birth 
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 Combustion particles and possible exposure to irritants were both significantly 
associated with a decreased risk of adult onset asthma at age 33, as was working in an 
occupation with an ASJEM risk.  However none of these exposures were significant after 
correction for multiple testing using the Simes procedure. 
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Longitudinal analyses 
For these analyses exposure was defined as “ever” or “always” working in an 
occupation or occupational exposures by the age of 33.  The analyses used the same logistic 
regression with adjustment for confounders as the cross-sectional analyses.  
Results – “Ever” worked in an occupation  
The first analysis using the longitudinal occupational history was using “ever” worked 
in an occupation (defined by ISOC-88 codes).  Associations with adult onset asthma were 
examined for 105 ISCO-88 codes that had any cases of asthma (only 31 of which had at least 
five cases).  Adult onset asthma was associated with several occupational and 
unemployment codes shown in table 6.1.9.   
 
Table 6.1.9: Significant associations between adult onset asthma and “ever” working in an 
occupation by age 33 
Occupation code 
Total n=7566 
Case/ 
total n 
OR OR* 95%CI 
p-
value 
Reference group (only ever clerical work) 115/2555 1.00 1.00 - - 
5123 - Waiters, waitresses & bartenders 46/672 1.56 1.54 1.07 - 2.22 0.021 
5141 - Hairdressers, barbers, beauticians & 
related workers 
18/ 203 2.06 1.85 1.09 - 3.14 0.022 
7324 - Glass, ceramics & related decorative 
painters 
4/14 8.49 11.95 3.50-40.80 0.000 
7341 - Compositors, typesetters & related 
workers 
6/64 2.20 2.90 1.21 - 6.96 0.017 
8334 - Lifting-truck operators 5/68 1.68 2.99 1.14 - 7.81 0.025 
9320 - Manufacturing labourers 12/ 169 1.62 1.89 1.01 - 3.54 0.047 
Bold = reached conventional levels of significance (p<0.05) 
* Adjusted for sex, smoking, region and fathers social class at birth 
 
Increased risks of adult onset asthma were seen for “ever” working in six 
occupations by the age of 33.  Most of these were occupations which had been previously 
identified as being associated with asthma, although the occupation “Glass, ceramics & 
related decorative painters”, had not been identified in the literature review.  However the 
estimate had wide confidence intervals due to its small number of cases.  The Simes 
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procedure was carried out on the codes that had more than five cases of asthma.  The 
results are presented in figure 6.1.3. 
Figure 6.1.3:  Significant associations between adult onset asthma and “ever” working in 
an occupation by age 33, corrected for multiple testing 
 
 
 Represent associations for each ISCO-88 code (5141 – Hairdressers, 5123 - Waiters, 7341 - 
Compositors, typesetters, 8334 - Lifting-truck operators, 9320 - Manufacturing labourers) 
 
 
After correction for multiple testing occupational codes 5123 (Waiters, waitresses & 
bartenders), 5141(Hairdressers, barbers, beauticians & related workers), 7341(Compositors, 
typesetters & related workers) and 8334 (Lifting-truck operators) remained significantly 
associated with an increased risk of adult onset asthma.   
 
The duration of employment in each of these four significant occupations was 
examined for those with and without asthma.  Those with adult onset asthma who had ever 
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worked as a hairdresser appeared to have spent less time in the occupation than those 
without asthma, however this difference was not significant.  The length of time spent in 
any of the other significant occupations was not significantly different in those with and 
without asthma.   
 
Table 6.1.10: Duration of employment in significant “ever” occupations by age 33 
Occupation code Excluded* 
Case/ 
total n 
No asthma – 
median 
(years) 
Asthma – 
median 
(years) 
p-
value** 
5123 - Waiters, waitresses & 
bartenders 
21 44/651 1.17 1.75 0.372 
5141 - Hairdressers, barbers, 
beauticians & related workers 
8 16/195 4.67 2.87 0.211 
7341 - Compositors, typesetters & 
related workers  
1 6/63 4.51 4.51 0.640 
8334 - Lifting-truck operators 3 5/65 2.92 2.83 0.530 
* Excluded due to missing or inconsistent dates  
**Mann-Whitney test 
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Results - “Ever” worked in an occupation - groups: 
 As for the cross-sectional analysis the numbers of cases in many of the occupations 
were too small for correction for multiple testing and in some cases even too small for 
analysis.  The occupational codes were grouped in a similar way as for the cross-sectional 
analysis; this process is detailed in appendix 3.  Before this process there were 105 ISCO-88 
codes with any cases of asthma and only 31 of these included more than five cases.  After 
collapsing the occupations into groups an additional nine 9 codes could be analysed. 
Analyses were repeated with the new occupational groups and the same reference group, 
the statistically significant results are presented in table 6.1.11. 
 
Table 6.1.11: Significant associations between adult onset asthma and “ever” working in 
an occupational group by age 33 
Occupational groups 
Total n=7566 
Case/ 
total n 
OR OR* 95%CI p-value 
Reference group (only ever clerical work) 
115/ 
2555 
1.00 1.00 - - 
5123 - Waiters, waitresses & bartenders 46/ 672 1.56 1.54 1.07 - 2.22 0.021 
5141 - Hairdressers, barbers, beauticians 
& related workers 
18/ 203 2.06 1.85 1.09 - 3.14 0.022 
7124- Wood workers 
 
12/ 272 1.19 2.07 1.09 - 3.94 0.027 
7220 - Blacksmith, tool-makers & metal 
workers/machine operators 
9/130 1.58 2.68 1.29 - 5.55 0.008 
7320 - Potters, glass and ceramic workers 6/66 2.12 3.29 1.36 - 7.97 0.008 
9320 - Manufacturing labourers 12/ 169 1.62 1.89 1.01 - 3.54 0.047 
Bold = reached conventional levels of significance (p<0.05) 
* Adjusted for sex, smoking, region and fathers social class at birth 
 
Some occupations were unchanged by the process of collapsing into groups (5123, 
5141 and 9320).  The associations observed for ISCO-88 code 7324 (Glass, ceramics painters) 
was still observed but as part of a larger occupation group.  The only new association to be 
observed was for the group of wood working occupations.  The Simes procedure was used 
and all of the significant associations except for “9320 - Manufacturing labourers” remained 
significant after correction for multiple testing, although the new occupational group 
“wood-workers” was only marginally significant.  The collapsing of the occupational codes 
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did not greatly affect which occupations were observed to be significantly associated with 
asthma. 
 
Again the duration of employment in each of the identified occupations appeared to 
be less for those with asthma as compared to those without asthma but the difference was 
not significantly different, this is shown in table 6.1.12. 
 
Table 6.1.12: Duration of employment in significant “ever” occupational groups by age 33 
Occupation code Excluded* 
Case/ 
total n 
No asthma – 
median 
(years) 
Asthma – 
median 
(years) 
p-
value** 
5123 - Waiters, waitresses & 
bartenders 
21 44/651 1.17 1.75 0.372 
5141 - Hairdressers, barbers, 
beauticians & related workers 
8 16/195 4.67 2.87 0.211 
7124- Wood workers 123 7/149 7.25 7.25 0.819 
7220 - Blacksmith, tool-makers & 
metal workers/machine operators 
5 8/125 4.58 4.17 0.813 
7320 - Potters, glass and ceramic 
workers 
2 5/62 2.83 3.00 0.543 
* Excluded due to missing or inconsistent dates  
**Mann-Whitney test 
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Results - “Ever” worked in an ECRHS occupational group: 
Adult onset asthma was associated with ever working in several jobs defined by an 
ECRHS group.  No association was seen with ever working in “any high risk” occupational 
group.  Eighteen of the 27 ECRHS groups had at least five cases of asthma .  The associations 
are shown in table 6.1.13. 
Table 6.1.13:Associations between adult onset asthma and “ever” working in an ECRHS 
group by age 33 
ECRHS groups 
Total n=7566 
Case/ total n OR OR* 95% CI p-value 
Reference group all administrative 
occupations 
137/ 2898 1.00 1.00 - - 
2 Cleaners and caretakers 36/640 1.20 1.21 0.82 - 1.78 0.343 
3 Hairdressers 18/203 1.96 1.77 1.05  - 2.99 0.032 
4 Nurses 27/477 1.21 1.08 0.70 - 1.65 0.743 
5 Other medical and pharmacy, excluding 
nurses  
25/384 1.40 1.31 0.84 - 2.04 0.242 
6 Agriculture and forestry 14/369 0.80 1.01 0.57 - 1.80 0.970 
7 Wood workers 12/231 1.10 1.93 1.02 - 3.65 0.044 
8 Bakery workers 6/138 0.92 1.09 0.47  - 2.54 0.839 
9 Food and tobacco processing 29/498 1.25 1.34 0.88 - 2.05 0.171 
10 Chemical and physical science 
technicians 
1/52 - - - - 
11 Plastics and rubber workers 4/62 1.39 1.78 0.63 - 5.08 0.279 
12 Chemical processors 3/36 - - - - 
13 Welders and flamecutters 2/107 - - - - 
14 Metal making and treating 3/155 - - - - 
15 Other metal workers 23/716 0.67 1.08 0.66 - 1.75 0.766 
16 Electrical processors 12/396 0.63 0.88 0.48 - 1.63 0.680 
17 Painters 8/110 1.58 2.71 1.26 - 5.86 0.011 
18 Spray painters 2/59 - - - - 
19 Textile, leather and fur workers 15/335 0.95 0.99 0.56 - 1.73 0.960 
20 Paper workers 0 - - - - 
21 Printing workers 9/123 1.59 2.07 1.01 - 4.23 0.046 
22 Glass and ceramics workers 3/53 - - - - 
23 Construction and mining 17/677 0.52 0.85 0.49 - 1.47 0.552 
24 Drivers 20/477 0.88 1.41 0.85 - 2.34 0.188 
25 Remainder transport and storage 14/339 0.87 1.25 0.70 - 2.22 0.459 
26 Remainder blue-collar 35/841 0.88 1.04 0.70 - 1.54 0.840 
27 Not classifiable 23/631 0.76 0.95 0.60 - 1.52 0.843 
Bold = reached conventional levels of significance (p<0.05) 
* Adjusted for sex, smoking, region and fathers social class at birth 
 
Ever working as a hairdresser (ECRHS group 3) was significant in both unadjusted and 
adjusted analysis.  Ever working in a construction and mining job (ECRHS group 23) was 
negatively associated with asthma in unadjusted analysis but not following adjustment.  
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Some groups were significantly associated with asthma only after adjustment.  All of these 
were occupations previously identified as of importance in analyses of the grouped and 
ungrouped ISCO-88 codes.  When correction for multiple testing using the Simes procedure 
was performed only painters (ECRHS group 17) came close to significance.  As no 
associations were significant after correction for multiple testing the length of time “ever” 
spent in ECRHS groups was not examined. 
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Results - “Ever” worked in an occupation with an ASJEM exposure: 
The associations between adult onset asthma and “ever” working in an occupation 
with an ASJEM exposure are shown in table 6.1.14.  The reference group for this analysis 
was individuals who had only worked in occupations which were unlikely to be exposed to 
'asthmagenic' compounds.  Twenty of the individual risk groups from the ASJEM had at least 
five asthma cases but only two showed any significant association with adult onset asthma. 
Table 6.1.14: Associations between adult onset asthma and “ever” working in an ASJEM 
exposure group by age 33 
ASJEM exposures Total n=7566 
Case/ 
total n 
OR OR* 95%CI p-value 
“Only ever” unlikely exposed (reference) 106/2239 1.00 1.00 - - 
Any high risk 144/2898 1.05 1.20 0.92 - 1.57 0.173 
Any low risk 191/4383 0.92 1.10 0.85 - 1.42 0.473 
Any HMW 83/1616 1.09 1.15 0.85 - 1.55 0.375 
Any LMW 88/1814 1.03 1.28 0.95 - 1.74 0.111 
Any mixed 31/771 0.84 1.04 0.68 - 1.59 0.845 
HMW animal antigens 9/227 0.83 0.98 0.48 - 1.97 0.946 
HMW fish/shellfish antigens 0/21 - - - - 
HMW flour associated antigens 5/99 1.07 1.31 0.52 - 3.34 0.566 
HMW plant other associated antigens 7/179 0.82 1.04 0.47 - 2.30 0.925 
HMW mite and insect antigens 9/195 0.97 0.85 0.42 - 1.71 0.643 
HMW antigenic enzymes 3/80 - - - - 
HMW latex antigens 53/915 1.24 1.17 0.83 - 1.65 0.375 
HMW bioaerosol antigens 5/288 0.36 0.53 0.21 - 1.33 0.174 
HMW pharmaceutical product antigens 0/1 - - - - 
LMW highly reactive chemicals 41/732 1.19 1.38 0.94 - 2.01 0.101 
LMW reactive chemicals - isocyanates 5/167 0.62 0.95 0.38 - 2.42 0.920 
LMW reactive cleaning / disinfecting products 34/637 1.14 1.20 0.80 - 1.80 0.383 
LMW antigenic wood dusts 12/241 1.05 1.84 0.96 - 3.50 0.065 
LMW metal and metal fume antigens  26/597 0.92 1.40 0.88 - 2.23 0.152 
Mixed environments: metal working fluids exposures 6/185 0.68 1.09 0.46 - 2.56 0.852 
Mixed environments: textile production 13/262 1.05 1.07 0.59 - 1.96 0.823 
Mixed exposures: agricultural antigens 13/355 0.77 0.99 0.54 - 1.80 0.965 
High probability of accidental peak exposure to irritants 7/312 0.46 0.76 0.34 - 1.67 0.489 
Combustion particles/fumes: vehicle / motor exhaust  50/1338 0.78 1.11 0.77 - 1.61 0.567 
High probability of exposure to environmental tobacco 
smoke 
59/ 901 1.41 1.44 1.02 - 2.01 0.037 
Possible exposure to irritants gasses or fumes 96/2306 0.87 1.08 0.80 - 1.46 0.609 
Low antigens: May be exposed to "asthmagens" but 
low probability of enough exposure for OA 
141/3110 0.96 1.10 0.84 - 1.44 0.482 
Uncertain: Relevant exposures remain uncertain even 
after checking 
82/1752 0.99 1.15 0.85 - 1.57 0.361 
Bold = reached conventional levels of significance (p<0.05) 
* Adjusted for sex, smoking, region and fathers social class at birth 
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In the unadjusted analyses HMW bioaerosol was negatively associated with adult 
onset asthma.  Environmental tobacco smoke (ETS) was positively associated with adult 
onset asthma in both unadjusted and adjusted analysis.  Ever exposure to ETS was not 
significant after correction for multiple testing (Figure 6.1.4). 
 
 Figure 6.1.4: Associations between adult onset asthma and “ever” working in an ASJEM 
exposure group by age 33, corrected for multiple testing  
 
 
 Represents associations with each ASJEM exposure group (ETS – environmental tobacco smoke) 
 
 
Many of the occupations with exposure to ETS were those dominated by women.  A 
formal test for interaction of exposure with sex was performed but was not significant 
(p=0.451) and the strength of the association in men and women was similar (women OR= 
1.41 95% CI 0.97 - 2.04; men OR=1.23 95% CI 0.51 - 2.98).   
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The association of adult onset asthma with ETS exposure was present even after 
adjustment for smoking.  However residual confounding by smoking could not be ruled out 
so an analysis stratified by smoking status (never, ever and never, ex, current) was 
performed (shown in table 6.1.15).  The association was most strongly and most 
consistently seen in those who smoked, and was not seen in those who were lifetime non-
smokers.   However all formal tests for interaction of smoking and ETS were negative. 
 
Table 6.1.15:  The association of adult onset asthma and ETS, stratified by smoking status 
Smoking status 
n cases OR 95% CI p-value 
Test for 
interaction (p-
value) 
Never 161 0.99 0.55 - 1.77 0.967 
0.331 
Ever 194 1.81 1.15 - 2.85 0.011 
Never 161 0.99 0.55 - 1.77 0.967 
0.552 Ex 84 1.76 0.86 - 3.62 0.123 
Current 110 1.79 0.97 - 3.32 0.065 
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Results - “Always” worked in an occupation: 
The number of people that had always worked in the same occupation (as defined by 
ISCO-88) from ages 16 to 33 was very small.  In order to have enough cohort members in 
each group to analyse, the ISCO-88 codes had to be collapsed in a similar fashion as for the 
previous analyses for ‘current’ and ‘ever’ occupational codes (detailed in appendix 3).  Even 
after the codes were collapsed only one group 3220 – “Modern Health Associate 
Professionals” had more than five cases of asthma and this showed no association with 
adult onset asthma by age 33. 
 
Results - “Always” worked in an ECRHS group: 
As for ISCO-88 codes, few cohort members had always worked in the same 
occupation (as defined by ECRHS group).  No ECRHS group had more than five cases, 
although there were 20 cases in the “high risk” group.  Always working as a “painter and 
related worker” (ECRHS group 17 – comprised of ISCO-88 codes 7141 – “Painters and 
related workers” and ‘7321 – “Glass, ceramics and related decorative painters”) was 
associated with an increased risk of adult onset asthma.  This was only significant after 
adjustment for confounders (OR=4.52, 95% CI 1.00-20.36).  However this was based on a 
group of 18 people with only two cases of asthma. 
 
Results - “Always” worked in an ASJEM exposure: 
Always being exposed to LMW metal and metal fume antigens was associated with 
an increased risk of asthma after adjustment for confounders but this was based on only 
three individuals and one asthma case (OR=12.36, 95% CI 1.04-147.25). 
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Conclusions - ages 16 to 33: 
Current occupation was not associated with adult onset asthma whichever definition 
of exposure was used.  When using the ECRHS groups and the ASJEM exposure groups to 
define current exposure significantly decreased risks for adult onset asthma were seen.  
These decreased risks were seen in those currently working in manual occupations (e.g. 
construction) suggesting that these occupations are subject to the “healthy worker” bias by 
the age of 33.     
During the first 15 years of possible working life there was some evidence that ever 
working as a waiter, hairdresser, potter/glass worker, metal finisher, lifting truck operator, 
blacksmith or wood worker influenced asthma in this cohort.  This was reinforced by the 
results from the ECRHS occupational groupings where associations were also seen for 
hairdresser, wood workers, printing workers, painters and construction/mining workers.   
In the 1958 Birth Cohort at age 33 there is little evidence that adult onset asthma 
was associated with occupational exposures derived from the more accurate exposure 
assignment given by the ASJEM.  The only significant association observed after adjustment 
for confounders was environmental tobacco smoke. This lack of observed associations may 
be due to a lack of power in this cohort or there may be no associations to detect.  It may be 
that the development of asthma requires a longer period of exposure, if this is the case 
more associations should be seen by the age of 42.   
In order to investigate this further the association of adult onset asthma with 
occupational exposure by age 42 was then tested, and is detailed in chapter 7.  Based on 
this work from ages 16 to 33 some changes to the method were made: 
 The occupational grouping of the ISCO-88 was not used again as it added little to 
what was observed using the occupational codes and the ECRHS groups and was 
time-consuming to carry out. 
 The results from the Simes procedure when used on the ECRHS groups and ASJEM 
exposures will be interpreted very cautiously.  In some cases the Simes procedure 
will be inappropriate to use due to the limited number of groups.  In these instances 
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an alternative method of correction for multiple testing will be used (the Bonferroni 
correction). 
 Negative associations with asthma were observed in manual occupations by age 33.  
This may be due to the “healthy worker” effect; if this is the case by age 42 more 
people with asthma may have left these occupations leaving a healthier “survivor” 
population.  Any reduced risks observed by age 42, especially in manual occupations, 
must be interpreted cautiously. 
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Chapter 6: Parallel Work – Job selection: 
Whilst analyses were ongoing, a parallel piece of work was being carried out in 
collaboration with researchers as St. Georges.  The aim of this work was to estimate 
whether allergic disease in childhood affected people’s choice of occupation.  People with 
asthma or allergic disease may avoid certain occupations that could aggravate their disease 
and employers may avoid hiring people with disease.  This would lead to an increase in the 
number of people with disease in the “low risk” reference groups and a decrease of people 
with disease in “high risk” occupations. Using the occupational histories that I had created, 
Barbara Butland performed analyses to examine whether the job choice of people with prior 
asthma or allergic disease was influenced by their disease. 
 
Aim: 
To assess whether individuals with childhood asthma or allergic disease were more or less 
likely to be enter occupations that are known to be a high risk for the development of 
asthma. 
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Sample - Job Choice: 
Those with an occupational history from entry to the workforce were included if they 
also had information on asthma and allergic disease at age 7, 11 and 16.  Figure 6.2.1 shows 
those excluded from this analysis is shown.  This is taken from the publication of this work in 
Occupational and Environmental Medicine (Butland et al. 2010).   
Figure 6.2.1:  Sample used for analysis of job choice from (Butland et al 2010)
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Outcome:    
The first occupation recorded (job with the earliest start date) for each individual 
was coded as an ISCO-88 code and grouped into one of the 27 ECRHS occupational groups.  
These were then categorised as “high”, “low” (reference group) and “other” risk based on 
the Kogevinas et al paper (Kogevinas et al 2007).   The exposure (defined by the ASJEM) 
associated with the first occupation was also used as an outcome.  The ASJEM predefines 
occupational exposures as “high” and “low” asthma risks and a “very low” risk groups 
(unlikely exposed-reference group). 
 
In a sensitivity analysis the first three recorded occupations/ ASJEM exposures were 
used instead of just the first occupation.  If all of the first three jobs were in the reference 
group the cohort member was assigned to the reference group.  If any of the subject’s first 
three jobs was “high” risk, they were assigned to the “high” risk group and those who did 
not fulfil either of these criteria were allocated to the “other” or “low” risk group. 
 
Exposure definition: 
Prior allergic disease was defined as: 
 Hay fever/allergic rhinitis at ages 7, 11 or 16 (yes or no) 
 Eczema at ages 7, 11 or 16 (yes or no) 
 Asthma/wheezy bronchitis ages 7, 11 or 16 coded to a three level variable: 
o symptoms in adolescence (most recent attack at ages 11–16 years according 
to parental report at the 16-year follow-up) 
o symptoms only in childhood (asthma/wheezy bronchitis reported at ages 7 
and/or 11 but not at age 16)  
o No history (report at ages 7, 11 or 16). 
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Statistical method: 
The association between asthma/prior allergic disease and first occupation was 
investigated using multinomial logistic regression in STATA 10 with adjustment for: 
 Sex 
 Region of residence at age 16 (11 regions) 
 Father's social class at birth (same grouping as used for 16-33 analyses) 
 School leaving age 
 Whether continued full-time education on leaving school 
 Other prior allergic disease  
 
The results are presented as relative risk ratios (RRR) and their 95% CIs.  Butland describes a 
RRR as: 
 
“An RRR is the ratio of two relative risks, for example the probability (risk) of taking a high 
risk job over the probability of taking a reference level job among those with prior hay fever, 
divided by the probability of taking a high risk job over the probability of taking a reference 
level job among those without prior hay fever.” 
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Results – Job Choice 
The relative risk of the first occupation being of “high” risk as compared to a 
reference level job was 30% lower in those with prior reported symptoms of hay 
fever/allergic rhinitis (RRR  0.70; 95% CI 0.56 to 0.88).  In contrast those with symptoms of 
asthma/wheezy bronchitis in adolescence were 60% more likely to enter a high risk 
occupation (as defined by the ECRHS groups) when compared to those with no history of 
asthma/wheezy bronchitis (RRR 1.60; 1.17 to 2.19). 
 
Using the ASJEM to define the occupational exposure outcome showed a similar 
pattern for prior hay fever/allergic rhinitis; there was a decreased risk of entering a high risk 
occupation (RRR 0.77; 0.62 to 0.96).  The association between asthma/wheezy bronchitis in 
adolescence and entering a “high” risk occupation (as defined by the ASJEM) was no longer 
observed (RRR 1.18; 0.85 to 1.64).  
 
 Similar patterns were seen when the first three jobs were used instead of just the 
first occupation or exposure.  The risk of entering a high risk occupation was 30% lower for 
those with prior hayfever/allergic rhinitis (27% when using the ASJEM exposures).  No 
associations were seen between prior eczema and the first job (or first three jobs). 
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Conclusions – Job Choice: 
 People with a history of hayfever/allergic rhinitis appear to be less likely to enter 
jobs that are at “high” risk for asthma.  This could be due to residual confounding by social 
class as hayfever is more common in higher SES groups, or it could be that cohort members 
were symptomatic at the time of looking for the first job. 
A consistent pattern was not seen for asthma/wheezy bronchitis in adolescence but 
there was some suggestion that people with this disease were entering “high” risk 
occupations more than people without the disease.  When using the more accurate method 
of occupational exposure assignment (the ASJEM) no associations were observed suggesting 
that asthma/wheezy bronchitis at the start of work does not influence job choice.  
 If those with hayfever/allergic rhinitis are avoiding entering “high” risk occupations; 
they may instead be selecting “low” risk occupations such as clerical work.  This will lead to 
an over-representation of allergic disease in the reference groups used for the analyses in 
this thesis.  Hayfever/allergic rhinitis  has been linked to the development of asthma 
(Schoenwetter et al. 2004) and those with rhinitis may be more likely to develop asthma in 
future.  Therefore an increase in the number of people with rhinitis in clerical occupations 
may lead to an increase in the number of asthma cases in the reference group and a 
decreased number of people with asthma in high risk occupations, obscuring any 
associations that might be observed.  It was decided that for the analyses on the full 
occupational history from 16 to 42 adjustment would be made for childhood 
hayfever/allergic rhinitis.  The effect of this additional adjustment will be investigated in the 
next chapter using the Likelihood Ratio (LR) Chi-Square test and associated p-value with the 
degrees of freedom as a measure of the goodness-of-fit of the differently adjusted models. 
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Chapter 7: Asthma and occupation ages 16-42 years  
Introduction 
The information on full job histories for the period age 16-42 years had been coded 
to ISCO-88, the ASJEM applied and the expert evaluation step completed as detailed in 
chapter 3.  The analyses previously performed on the data from ages 16-33 were then 
repeated on this dataset.   In addition to questionnaire data, the 1958 Birth cohort also 
collected biomedical data at age 45.  This was used in conjunction with the questionnaire 
data to create definitions of asthma and atopy that made use of objective measures of lung 
function and specific IgE.   
 
This chapter also examines whether any occupations or exposures increased the risk 
of a relapse of childhood asthma in adult life.  This analysis makes use of the full 
employment histories from ages 16 to 42 in addition to information from the survey at age 
24.  
Aims of analysis: 
1. To assess the association of adult onset asthma, as reported at age 33 or 42, with 
occupations and occupational exposures experienced between the ages of 16 and 
42.  In addition: 
 To examine the duration employment in occupations identified as 
significantly associated with adult onset asthma (after correction for multiple 
testing) in those with and without asthma. 
 To investigate the suitability of the available data on age of asthma onset for 
use in further analysis. 
2. To assess the association of reported adult onset asthma with objective markers of 
lung function with exposures identified as significant in aim 1. 
3. To assess whether the presence of atopy at age 45 modifies the associations 
between asthma and occupational groups and occupational exposures.   
4. To examine whether any occupations or occupational exposures are associated with 
a relapse of childhood asthma in adult life. 
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Aim 1: Adult onset asthma and occupation: 
Method: 
All occupations and ASJEM exposures (expert reviewed) from ages 16 to 42, were 
merged with the available health data from the 1958 Birth Cohort.  The methods used to 
create this data set are detailed in chapter 3.   
Sample at age 42: 
The original survey at age 42 contained 11,419 participants and, at age 33, 11,468 
participants.  The total number of participants who had responded at either survey was 
12,998.  For these analyses cohort members were excluded from the sample if: 
 
1. Occupational information at age 33 or 42 was missing (n=3108) 
2. Asthma status at age 33 and 42 was absent (n=93) 
3. Information on childhood asthma was absent (n=34) 
4. Information on childhood hayfever was absent (n=179) 
5. A participant had inconsistent occupational information (n=83) 
6. Information on smoking status at 42 was absent (n=13) 
In total 3510 participants were excluded leaving a sample of 9488.  The characteristics 
of those excluded were compared to those included in the sample and differences were 
assessed using the Χ2 test.   
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Outcome definition: 
In order to define new onset adult asthma, all those whose parent had reported asthma 
or wheezy bronchitis in childhood (age 7, 11 or 16) were excluded (n=2082).  This left a 
sample of 7406 people with consistent information on occupational and asthma status at 
age 33 or 42.   
 
For all analyses with this sample the outcome was “new onset adult asthma”.  This 
was defined as either a positive response to the question ‘Have you ever been told that you 
have asthma?’ at age 33 or a positive response to the question 'Have you ever had or been 
told you had asthma?' at age 42. 
 
Exposure definition: 
The analyses on the full employment history up to age 42 used the same exposure 
definitions as the age 16 to 33 analyses, except for the compressed occupational groups.  
Briefly the exposure was defined by: 
 Occupation (ISCO-88 codes) 
 Occupational group (ECRHS groups) 
 ASJEM exposure 
The three different exposures definitions were first used for a cross-sectional 
analysis at age 42 (current occupation or exposure).  Similar analyses were conducted 
exploiting the full job history, with the exposure considered as ‘ever’ (i.e. identifying 
individuals who had at any time between ages 16 and 42 worked in the exposure category) 
and ‘always’ (i.e. identifying individuals who have only worked in one exposure category 
from ages 16-42).   
 
In addition for those ‘ever’ occupations/exposures that were significantly associated 
with adult onset asthma, after correction for multiple testing, the “duration” in that 
exposure category was investigated in people with and without asthma.  The reference 
groups were the same as those defined at age 33 (either working in an office based 
occupation or the “unlikely exposed” group of the ASJEM).  
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 The association between new onset adult asthma and exposure was investigated 
using logistic regression with adjustment for a priori potential confounders.  These 
confounders were the same as those used at age 33 with one addition: 
1. Sex 
2. Smoking as reported at age 42 
3. ‘Father's’ social class at birth based on the mother’s husband’s occupation’  
4. Area of residence at age 42 
5. Hayfever in childhood (7, 11 or 16) 
 
 The Simes procedure was used to correct for multiple testing whenever it was 
possible to do so; exposure defined by occupation (ISCO-88 codes) usually provided enough 
groups for the Simes procedure to be valid.  However when exposure was defined by 
occupational groups (ECRHS groups) or ASJEM exposure there were often too few groups 
with at least five cases for the Simes procedure to be valid.  In these analyses the Bonferroni 
correction (multiplication of the p-value of the association by the number of tests carried 
out) was used instead.  The difference in the duration of employment for those with and 
without adult onset asthma was tested for all significant associations using the non-
parametric Mann-Whitney test.   
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Aim 1 - Results: 
Characteristics of those ineligible for the sample were compared to those included 
using the Χ2 test, the results of this are shown in Table 7.1.1. 
Table 7.1.1: Characteristics of eligible participants compared to those dropped from the 
analysis  
Total 12,998 
Eligible n=9488 
Ineligible 
Total n=3510 
p-value# 
% male  48.3 54.5 0.000 
% ever told asthma 33 or 42 13.4 n/a*  
% childhood hayfever 0-16 14.4 12.4 0.006 
Employment status at 42 n=11388 n=9488 n=1900*  
% in employment  86.5 74.8 
0.000 
% permanently sick /disabled  3.3 8.3 
% home/family care  6.3 10.0 
% full-time education  0.5 0.5 
% unemployed  1.9 3.7 
Smoking at 42 n=11375 n=9488 n=1887*  
% never  45.6 39.6 
0.000 % ex smoker  30.0 27.2 
% current  24.4 33.2 
Social class at birth n=12998 n=9488 n=3510  
% non-manual 28.8 22.9 
0.000 % manual 68.4 70.0 
% other 2.8 7.1 
* Information only available for some of those not included in the sample 
#Χ2 test 
 
Those excluded were significantly more likely to be male and to be smokers, and less likely 
to be employed at age 42 and to have a father in a non-manual occupations.   
Description of the sample:  
 After excluding these participants, the sample contained 7406 people who were 
followed up to age 42.  At age 42, a larger proportion of the sample were in some form of 
employment than at age 33 (87% vs. 80%) and a smaller proportion were unemployed due 
to family or childcare (6% vs. 14%).  The median number of jobs per participant had 
increased from 4 to 6 by age 42 but the median number of unemployment periods 
remained the same.  The prevalence of adult onset asthma in the sample had increased 
from 5% at age 33 to 9% by age 42 years. 
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Table 7.1.2: Description of the sample: 
 
 
  
Status at 42    Total = 7406 % (n) 
% male  46.7 (3456) 
Current employment at age 42:  
% any form of occupation 86.7 (6417) 
% permanently sick /disabled 3.4 (250) 
% home/family care 6.4 (475) 
% full-time education 0.7 (48) 
% unemployed 2.1 (158) 
Median Number of jobs by 42 (IQR) 6 (4 to 8) 
Median Number of unemployment periods by 42 (IQR) 1 (1 to 2) 
Age left school -years:  median (IQR) 16.3 (16.3 – 17.3) 
Smoking at age 42  
% current 24.1 (1788) 
% never smoked by 42 45.4 (3363) 
Health:  
% ever told had asthma at 33 or 42 years 8.6 (639) 
% childhood hayfever (0-16) 11.2 (826) 
Paternal Social Class  
Professional 4.7 (348) 
Managerial-technical 13.9 (1028) 
Skilled non-manual 10.2 (754) 
Skilled manual 48.6 (3598) 
Partly skilled 12.0 (885) 
Unskilled 7.8 (575) 
Other / unknown 2.9 (218) 
Region at age 42  
North 6.4 (475) 
Yorkshire & Humberside 9.1 (678) 
East Midlands 7.4 (546) 
East Anglia 3.9 (285) 
South East 29.3 (2168) 
South West 9.6 (710) 
West Midlands 8.7 (643) 
North West 10.6 (783) 
Wales 5.4 (400) 
Scotland 9.7 (718) 
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Cross-sectional analysis: 
Current ISCO-88 and unemployment codes 
 Current ISCO-88 codes and unemployment codes were used to define exposure.  Six 
codes were associated with adult onset asthma after adjustment for confounders.  Due to 
the number of occupational groups with fewer than five cases the Bonferroni correction was 
used instead of the Simes procedure.   
Table 7.1.3: Current ISCO-88 /unemployment codes at age 42 significantly associated with 
adult onset asthma   
Current un/employment code Case/ 
total n 
OR OR* OR** 95%CI 
p-
value 
p-
value# 
Currently in reference group 
(all office jobs) 
332/4093 1.00 1.00 1.00 - -  
1 – Unemployed 26/158 2.23 2.51 2.67 1.71-4.18 <0.001 0.003 
5 – Sick/disabled 43/250 2.35 2.40 2.47 1.72-3.55 <0.001 0.003 
6130 - Market-oriented crop 
and animal producers 
4/24 2.27 3.14 3.60 1.18-10.98 0.025 0.075 
7212 - Welders and flame 
cutters 
4/19 3.02 4.03 4.33 1.39-13.44 0.011 0.033 
7233 - Agricultural- or 
industrial-machinery 
mechanics and fitters 
6/47 1.66 2.43 2.56 1.06-6.20 0.037 0.111 
9320 -Manufacturing 
labourers 
9/48 2.61 3.10 3.27 1.55-6.93 0.002 0.006 
Bold = reached conventional levels of statistical significance (p<0.05) 
Shaded = significant after correction for multiple testing 
*adjusted for sex, smoking, fathers social class at birth and region 
** adjusted for sex, smoking, fathers social class at birth, region and hayfever 
#p-value corrected for multiple testing using the Bonferroni correction 
 
In the unadjusted analyses adult onset asthma was only associated with currently 
working as a “manufacturing labourer”, being unemployed and being unemployed due to 
sickness or disability.   After the first adjustment (sex, smoking, fathers social class at birth 
and region) currently working as a “crop and animal producer”, a welder or as an 
“agricultural- or industrial-machinery mechanic and fitter” were additionally associated with 
an increased risk of adult onset asthma.  Additionally adjusting for childhood hayfever 
marginally increased the strength of these associations but no additional significant 
associations were observed.   The Bonferroni correction was used and all of the observed 
associations except currently working as a “market-oriented crop and animal producer” and 
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currently working as an “agricultural- or industrial-machinery mechanic and fitter” remained 
significantly associated with asthma. 
Results - Current ECRHS groups: 
 Using the 27 occupational groups defined by the ECRHS to define exposure, 24 
occupational groups had one or more asthma cases and 12 had at least five.  Table 7.1.4. 
shows the associations between adult onset asthma and current ECRHS groups with at least 
4 cases.   
Table 7.1.4: Current ECRHS groups at age 42 association with adult onset asthma  
Current ECRHS group  
Case/ total 
n 
OR OR* OR** 95% CI p-value 
Currently in ECRHS group 1-all admin/office 
jobs (reference group) 
346/4264 1.00 1.00 1.00 - - 
Unemployed 127/983 1.68 1.53 1.57 1.26-1.97 <0.001 
2 (Cleaners and caretakers) 18/154 1.32 1.23 1.26 0.76-2.09 0.375 
3 (Hairdressers) 2/39 - - - - - 
4 (Nurses) 15/211 0.87 0.78 0.79 0.46-1.37 0.405 
5 (Other medical and pharmacy, excluding 
nurses)  
16/194 1.02 0.95 0.95 0.56-1.62 0.851 
6 (Agriculture and forestry) 9/102 1.10 1.28 1.38 0.68-2.78 0.374 
7 (Wood workers) 5/86 0.70 0.87 0.88 0.35-2.20 0.778 
8 (Bakery workers) 1/18 - - - - - 
9 (Food and tobacco processing) 10/97 1.30 1.32 1.33 0.68-2.62 0.401 
10 (Chemical and physical science 
technicians) 
0/4 - - - - - 
11 (Plastics and rubber workers) 2/9 - - - - - 
12 (Chemical processors) 1/6 - - - - - 
13 (Welders and flamecutters) 4/19 3.02 3.89 4.16 1.34-12.85 0.013 
14 (Metal making and treating) 1/42 - - - - - 
15 (Other metal workers) 10/177 0.68 0.87 0.91 0.47-1.75 0.775 
16 (Electrical processors) 4/84 0.57 0.72 0.75 0.27-2.07 0.574 
17 (Painters) 2/29 - - - - - 
18 (Spray painters) 2/15 - - - - - 
19 (Textile, leather and fur workers) 3/43 - - - - - 
20 (Paper workers) 0/8 - - - - - 
21 (Printing workers) 1/24 - - - - - 
22 (Glass and ceramics workers) 0/7 - - - - - 
23 (Construction and mining) 9/192 0.56 0.71 0.74 0.37-1.48 0.395 
24 (Drivers) 16/184 1.08 1.26 1.33 0.78-2.27 0.293 
25 (Remainder transport and storage) 3/59 - - - - - 
26 (Remainder blue-collar) 18/169 1.35 1.50 1.58 0.95-2.64 0.077 
27 (Not classifiable) 14/162 1.07 1.13 1.15 0.65-2.03 0.620 
Bold = reached conventional levels of statistical significance (p<0.05) 
Shaded = significant after correction for multiple testing 
*adjusted for sex, smoking, fathers social class at birth and region 
** adjusted for sex, smoking, fathers social class at birth, region and hayfever 
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 In the unadjusted analyses currently being unemployed was associated with an 
increased risk of adult onset asthma when compared to the reference group.  After the first 
adjustment, group 13 (welders and flamecutters) was additionally associated with an 
increased risk of asthma.  This association increased slightly in strength with further 
adjustment for childhood hayfever.  The Simes procedure was used to correct for multiple 
testing and only currently being unemployed remained significantly associated with adult 
onset asthma.  
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Results - Current ASJEM exposures: 
 The associations between adult onset asthma and currently working in an 
occupation with an ASJEM defined exposures are shown in Table 7.1.5.   
Table 7.1.5: Current ASJEM exposure groups at age 42, association with adult onset 
asthma 
Current exposure Case/ total OR OR* OR** 95% CI p-value 
Unlikely: Unlikely to be exposed to 
'asthmagenic' compounds 
316/3797 1.00 1.00 1.00 - - 
Unemployed 127/983 1.63 1.49 1.54 1.23-1.93 <0.001 
Any high risk 69/964 0.85 0.86 0.90 0.68-1.18 0.444 
Any low risk 127/1772 0.85 0.96 1.00 0.80-1.24 0.985 
Any HMW 47/612 0.92 0.88 0.92 0.66-1.27 0.608 
Any LMW 30/452 0.78 0.86 0.90 0.60-1.33 0.580 
Any mixed 15/162 1.12 1.26 1.33 0.77-2.32 0.308 
HMW animal antigens 2/43 - - - - - 
HMW fish/shellfish antigens 0/8 - - - - - 
HMW flour associated antigens 1/18 - - - - - 
HMW plant (other) associated antigens 4/50 0.96 1.08 1.20 0.42-3.38 0.735 
HMW mite and insect antigens 5/46 1.34 1.15 1.22 0.47-3.15 0.683 
HMW antigenic enzymes 1/16 - - - - - 
HMW latex antigens 30/421 0.85 0.77 0.80 0.54-1.19 0.273 
HMW bioaerosol antigens 6/52 1.44 1.78 1.78 0.74-4.27 0.199 
HMW pharmaceutical product antigens 0/1 - - - - - 
LMW highly reactive chemicals 5/149 0.38 0.41 0.42 0.17-1.05 0.062 
LMW reactive chemicals - isocyanates 2/34 - - - - - 
LMW reactive cleaning / disinfecting products 11/139 0.95 0.93 1.00 0.53-1.88 0.988 
LMW antigenic wood dusts 5/85 0.69 0.89 0.90 0.36-2.26 0.820 
LMW metal and metal fume antigens  10/114 1.06 1.25 1.28 0.65-2.49 0.475 
Mixed environments: metal working fluids 
exposures 
3/30 - - - - - 
Mixed environments: textile production 2/29 - - - - - 
Mixed exposures: agricultural antigens 10/103 1.18 1.41 1.54 0.78-3.02 0.211 
High probability of accidental peak exposure to 
irritants 
4/69 0.68 0.85 0.91 0.33-2.54 0.856 
Combustion particles/fumes: vehicle / motor 
exhaust  
32/490 0.77 0.94 0.98 0.67-1.44 0.910 
High probability of exposure to environmental 
tobacco smoke 
9/134 0.79 0.77 0.76 0.38-1.51 0.427 
Possible exposure to irritants gasses or fumes 55/702 0.94 1.05 1.08 0.80-1.47 0.602 
Low antigens: May be exposed to "asthmagens" 
but low probability of enough exposure for OA 
68/878 0.93 1.02 1.07 0.81-1.41 0.643 
Uncertain: Relevant exposures remain uncertain 
even after checking 
49/578 1.01 0.98 1.05 0.76-1.45 0.764 
Bold = reached conventional levels of statistical significance (p<0.05) 
Shaded = significant after correction for multiple testing using the Simes procedure 
*adjusted for sex, smoking, fathers social class at birth and region 
** adjusted for sex, smoking, fathers social class at birth, region and hayfever 
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 In unadjusted analyses ‘currently’ working in an occupation with exposure to “LMW 
highly reactive chemicals” was associated with a decreased risk of asthma, whilst currently 
being unemployed was associated with an increased risk.  This did not change after the first 
adjustment, however after additional adjustment for childhood hayfever, exposure to 
“LMW highly reactive chemicals” was no longer significant (although the strength of the 
association remained unchanged).  The association with currently being unemployed 
remained significant after correction for multiple testing using the Simes procedure. 
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Longitudinal analyses 
For these analyses, exposure was defined as “ever”, or “always” working in an 
occupation or occupational exposure group by the age of 42.   
 
Results – ‘ever’ worked in an occupation  
 Ever working in a wide range of ISCO-88 codes was positively associated with adult 
onset asthma by age 42.  In unadjusted analyses 15 ISCO-88 codes were positively 
associated with adult onset asthma by age 42.  After adjustment for sex, smoking, fathers 
social class at birth and region, 16 codes remained significantly associated with an increased 
risk.  These associations remained significant and increased in strength after additional 
adjustment for childhood hayfever.   
 The significant associations are shown in table 7.1.6., all associations with at least 
four cases are shown in appendix  Of note, several associations were with occupations 
previously identified at age 33 (5123-Waiters, 5141-Hairdressers, 7324 - Glass, ceramics and 
related decorative painters, 7341 - Compositors, typesetters).  Associations were seen for 
those involved in cleaning occupations or where cleaning was likely to be a major part of the 
daily tasks (5133 - Home-based personal care workers, 9133 - Hand-launderers and 
pressers).  Occupations that are known to be a risk factor for asthma were also identified in 
this analysis, for example those involved in agriculture (6130 - Market-oriented crop and 
animal producers) and the textile industry (8263 - Sewing-machine operators).  Several 
manual occupations were associated with an increased risk of asthma (9313 - Building 
construction labourers, 9320 - Manufacturing labourers and 9322 - Hand packers & other 
manufacturing labourers).   In most instances the additional adjustment for childhood 
hayfever increased the strength of the observed associations. 
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Table 7.1.6: Significant associations between adult onset asthma and ‘ever’ working in an 
occupation by age 42 
Un/employment code Case/ total OR OR* OR** 95% CI p-value 
p-
value# 
Reference group  170/2217 1.00 1.00 1.00 - -  
5122 - Cooks 42/367 1.56 1.48 1.52 1.05-2.19 0.025 1 
5123 - Waiters, waitresses & 
bartenders 
78/667 1.60 1.46 1.50 1.12-2.01 0.007 0.986 
5133 - Home-based personal care 
workers 
60/404 2.10 1.86 1.94 1.40-2.69 <0.001 0.010 
5141 - Hairdressers, barbers, 
beauticians  
32/218 2.07 1.75 1.88 1.24-2.85 0.003 0.407 
5169 - Protective services workers  14/130 1.45 1.84 1.90 1.05-3.43 0.034 1 
6130 - Market-oriented crop and 
animal producers 
10/57 2.56 3.85 4.26 2.06-8.80 <0.001 0.012 
7232 - Aircraft engine mechanics and 
fitters 
5/30 2.41 3.67 3.81 1.41-10.31 0.008 1 
7324 - Glass, ceramics and related 
decorative painters 
4/17 3.71 4.07 3.84 1.18-12.43 0.025 1 
7341 - Compositors, typesetters  10/60 2.41 2.94 3.04 1.49-6.18 0.002 0.307 
8263 - Sewing-machine operators 19/133 2.01 1.76 1.93 1.14-3.26 0.014 1 
9130 - Cleaners unspecified  20/156 1.77 1.58 1.58 0.95-2.63 0.078 1 
9131 - Domestic helpers and cleaners 16/113 1.99 1.73 1.79 1.02-3.14 0.044 1 
9132 - Helpers and cleaners in offices, 
hotels  
70/516 1.89 1.71 1.82 1.34-2.48 <0.001 0.020 
9133 - Hand-launderers and pressers 8/50 2.29 2.21 2.26 1.03-4.98 0.043 1 
9151 - Messengers, package and 
luggage porters and deliverers 
12/103 1.59 1.96 2.06 1.09-3.90 0.026 1 
9152 - Doorkeepers, watchpersons  13/82 2.27 2.54 2.59 1.37-4.87 0.003 0.449 
9313 - Building construction labourers 18/208 1.14 1.80 1.92 1.12-3.27 0.017 1 
9320 - Manufacturing labourers  30/198 2.15 2.39 2.55 1.66-3.93 <0.001 0.003 
9322 - Hand packers & other 
manufacturing labourers 
22/170 1.79 1.61 1.66 1.02-2.70 0.040 1 
Bold = reached conventional levels of statistical significance (p<0.05) 
Shaded = significant after correction for multiple testing 
*adjusted for sex, smoking, fathers social class at birth and region 
** adjusted for sex, smoking, fathers social class at birth, region and hayfever 
#p-value corrected for multiple testing using the Bonferroni correction 
 
Goodness-of-fit 
As discussed in chapter 6 after the work on job choice it was decided to additionally 
adjust for childhood hayfever in the 16 to 42 analyses.  The goodness-of-fit of the 
unadjusted and adjusted models was investigated using the Likelihood Ratio (LR) Chi-Square 
test and associated p-value and degrees of freedom.  In the above analysis (adult onset 
asthma and ‘ever’ working in an occupation by age 42) the unadjusted models the value of 
the likelihood ratio Chi2 test was between 6.40 and 16.55 with the p-value between 0.041 
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and 0.007 with 2 degrees of freedom.  After the first adjustment the likelihood ratio Chi2 
test value was between 92.06 and 96.60 with a p-value less than 0.001 with 24 degrees of 
freedom.  After the additional adjustment for childhood hayfever the likelihood ratio Chi2 
test value was between 150.00 and 160.99 and the p-value was always smaller than <0.0001  
with 25 degrees of freedom.  This pattern was repeated in all of the analyses in the 
following results chapters, each additional adjustment increased the goodness-of-fit further.  
 
Using the Bonferroni correction ‘ever’ working as a “Home-based personal care 
worker”, a “Market-oriented crop and animal producer”, a “Helper and cleaner in offices, 
hotels” or a “Manufacturing labourer” remained significantly associated with adult onset 
asthma. 
The duration of employment in each of these four “significant” occupations was 
examined in those with and without asthma.  Individuals with asthma generally spent less 
time in the identified at risk occupations than those without asthma; but this was only 
significant for those who had ‘ever’ worked as a “home-based personal care worker”. 
 
 Table 7.1.7: Duration of employment in significant ‘ever’ occupations by age 42 
Occupation code Case/ 
total n 
No asthma – 
median 
(years) 
Asthma – 
median 
(years) 
p-
value** 
5133 - Home-based personal care workers 60/404 3.18 1.88 0.016 
6130 - Market-oriented crop and animal 
producers 
10/57 9.35 6.01 0.161 
9132 - Helpers and cleaners in offices, hotels 70/516 1.99 1.7 0.401 
9320 - Manufacturing labourers 30/198 2.00 2.08 0.895 
* Excluded due to missing or inconsistent dates  
**Mann-Whitney test 
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Results - ‘ever’ worked in an ECRHS occupational group: 
 When defining exposure by occupational group (ECRHS groups) 27 groups were 
tested, 10 of these were seen to be significantly associated with adult onset asthma as was 
‘ever’ working in any “high risk” occupational group.  
 
Table 7.1.8: Associations between adult onset asthma and ‘ever’ working in an ECRHS 
group by age 42 
ECRHS group 
Case/ total 
n 
OR OR* OR** 95% CI p-value 
p-
value# 
Reference group 198/2515 1.00 1.00 1.00 - - - 
Any ECRHS high risk groups 323/3489 1.19 1.37 1.42 1.17-1.73 <0.001 0.011 
2 (Cleaners and caretakers) 99/778 1.71 1.63 1.70 1.30-2.22 <0.001 0.003 
3 (Hairdressers) 32/218 2.01 1.72 1.84 1.22-2.78 0.004 0.099 
4 (Nurses) 47/530 1.14 1.02 1.06 0.75- 1.48 0.751 1 
5 (Other medical and pharmacy, 
excluding nurses)  
75/603 1.66 1.51 1.54 1.15-2.05 0.004 0.102 
6 (Agriculture and forestry) 38/409 1.20 1.47 1.52 1.04-2.21 0.030 0.797 
7 (Wood workers) 20/263 0.96 1.43 1.45 0.88-2.38 0.147 1 
8 (Bakery workers) 16/157 1.33 1.43 1.54 0.89-2.67 0.122 1 
9 (Food and tobacco processing) 61/585 1.36 1.39 1.45 1.06-1.97 0.021 0.562 
10 (Chemical and physical science 
technicians) 
1/60 - - - - - - 
11 (Plastics and rubber workers) 6/77 0.99 1.19 1.29 0.55-3.04 0.565 1 
12 (Chemical processors) 4/46 1.11 1.51 1.66 0.58-4.74 0.347 1 
13 (Welders and flamecutters) 8/110 0.92 1.38 1.45 0.68-3.08 0.334 1 
14 (Metal making and treating) 8/181 0.54 0.78 0.83 0.40-1.74 0.626 1 
15 (Other metal workers) 54/773 0.88 1.28 1.34 0.95-1.87 0.093 1 
16 (Electrical processors) 24/432 0.69 0.90 0.94 0.60-1.47 0.778 1 
17 (Painters) 8/113 1.01 1.50 1.51 0.74-3.11 0.258 1 
18 (Spray painters) 5/62 1.03 1.35 1.45 0.56-3.74 0.438 1 
19 (Textile, leather and fur workers) 39/324 1.60 1.57 1.68 1.15-2.45 0.008 0.215 
20 (Paper workers) 4/64 0.78 0.80 0.86 0.31-2.42 0.774 1 
21 (Printing workers) 15/132 1.50 1.81 1.80 1.02-3.19 0.043 1 
22 (Glass and ceramics workers) 6/56 1.40 1.96 2.20 0.91-5.29 0.078 1 
23 (Construction and mining) 44/711 0.77 1.16 1.23 0.85-1.78 0.273 1 
24 (Drivers) 51/605 1.08 1.50 1.58 1.12-2.22 0.009 0.261 
25 (Remainder transport and 
storage) 
37/362 1.33 1.78 1.85 1.26-2.72 0.002 0.050 
26 (Remainder blue-collar) 97/918 1.38 1.56 1.63 1.25-2.13 <0.001 0.009 
27 (Not classifiable) 60/737 1.04 1.24 1.31 0.96-1.79 0.089 1 
Bold = reached conventional levels of statistical significance (p<0.05) 
Shaded = significant after correction for multiple testing 
*adjusted for sex, smoking, fathers social class at birth and region 
**adjusted for sex, smoking, fathers social class at birth, region and hayfever 
#p-value corrected for multiple testing using the Bonferroni correction (27 associations tested) 
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In unadjusted analyses ‘ever’ working in six ECRHS groups was associated with an 
increased risk of asthma.  Additional groups became significant and the strength of the 
associations increased after each adjustment.  Most of the occupational groups that were 
identified as at risk of asthma were similar to those identified using occupations (defined by 
ISCO-88 codes); for example ‘ever’ working as a hairdresser (ECRHS group 3), as a cleaner 
(ECRHS group 2) or in agricultural, printing and textiles occupations (ECRHS groups 6, 19 & 
21).   The only new association to be observed was ‘ever’ working as a food or tobacco 
processor (ECRHS group 9), but after correction for multiple testing this was no longer 
significant.    
Using the Bonferroni method of correction ‘ever’ working in any “high risk” group, 
‘ever’ working as a cleaner (ECRHS group 2) and ‘ever’ working in a “remainder blue-collar” 
occupation (ECRHS group 26) remained significantly associated with adult onset asthma. 
 
Table 7.1.9: Duration of employment in significant ‘ever’ ECRHS occupational groups by 
age 42 
ECRHS group 
Excluded* 
Case/ total 
n 
No 
asthma – 
median 
(years) 
Asthma 
– 
median 
(years) 
p-
value** 
Any “high risk “ group 45 318/3444 6.46 4.53 <0.001 
2 (Cleaners and caretakers) 21 97/757 2.25 1.74 0.194 
26 (Remainder blue-collar) 21 95/897 3.04 1.75 0.006 
* Excluded due to missing or inconsistent dates  
**Mann-Whitney test 
 
Again the duration of employment in the significant at risk occupational groups was 
consistently shorter for those with adult onset asthma.  This was significant for ‘ever’ 
working in any “high risk” group and ‘ever’ working in a “Remainder blue-collar” occupation 
(ECRHS group 26). 
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Results - ‘Ever’ worked in an occupation with an ASJEM exposure: 
When defining exposure using the ASJEM 26 groups had greater than 4 cases and were 
tested.   
7.1.10. Table 7.1.10: Associations between adult onset asthma and ‘ever’ working in an 
ASJEM exposure group 
Ever exposure 
Case/ 
total 
OR OR* OR** 95% CI 
p-
value 
p-
value# 
Unlikely: Unlikely to be exposed to 'asthmagenic' 
compounds 
146/1864 1.00 1.00 1.00 - - 
 
Any high risk 301/3137 1.25 1.34 1.40 1.13-1.73 0.002 0.059 
Any low risk 399/4629 1.11 1.25 1.30 1.05-1.59 0.014 0.367 
Any HMW 183/1897 1.26 1.27 1.33 1.05-1.68 0.018 0.463 
Any LMW 189/1966 1.25 1.43 1.49 1.18-1.89 0.001 0.025 
Any mixed 75/807 1.21 1.39 1.45 1.07-1.97 0.016 0.403 
HMW animal antigens 21/249 1.08 1.25 1.26 0.77-2.06 0.353 1 
HMW fish/shellfish antigens 3/24 - - - - - 1 
HMW flour associated antigens 14/111 1.70 1.94 2.12 1.17-3.85 0.014 0.359 
HMW plant (other) associated antigens 21/225) 1.21 1.47 1.54 0.94-2.52 0.085 1 
HMW mite and insect antigens 30/255 1.57 1.35 1.38 0.90-2.12 0.137 1 
HMW antigenic enzymes 12/90 1.81 2.12 2.32 1.22-4.42 0.010 0.270 
HMW latex antigens 114/1134 1.32 1.23 1.29 0.99-1.67 0.060 1 
HMW bioaerosol antigens 19/311 0.77 1.04 1.09 0.65-1.81 0.749 1 
HMW pharmaceutical product antigens 0/5 - - - - - - 
LMW highly reactive chemicals 74/809 1.19 1.28 1.33 0.98-1.79 0.067 1 
LMW reactive chemicals - isocyanates 11/188 0.73 0.97 1.04 0.54-1.98 0.911 1 
LMW reactive cleaning / disinfecting products 92/755 1.63 1.59 1.67 1.26-2.22 0.000 0.011 
LMW antigenic wood dusts 21/269 1.00 1.47 1.49 0.91-2.45 0.115 1 
LMW metal and metal fume antigens  50/609 1.05 1.41 1.45 1.02-2.07 0.039 1 
Mixed environments: metal working fluids 
exposures 
11/189 0.73 0.99 1.03 0.54-1.97 0.936 1 
Mixed environments: textile production 32/257 1.67 1.60 1.71 1.12-2.61 0.012 0.320 
Mixed exposures: agricultural antigens 35/399 1.13 1.39 1.43 0.96-2.13 0.078 1 
High probability of accidental peak exposure to 
irritants 
18/328 0.68 0.97 1.05 0.62-1.77 0.870 1 
Combustion particles/fumes: vehicle / motor 
exhaust  
125/1538 1.04 1.36 1.41 1.08-1.84 0.012 0.304 
High probability of exposure to environmental 
tobacco smoke 
105/948 1.47 1.39 1.43 1.09-1.88 0.010 0.252 
Possible exposure to irritants gasses or fumes 220/2532 1.12 1.28 1.34 1.06-1.68 0.013 0.338 
Low antigens: May be exposed to "asthmagens" 
but low probability of enough exposure for OA 
290/3272 1.14 1.25 1.30 1.05-1.62 0.017 0.439 
Uncertain: Relevant exposures remain uncertain 
even after checking 
218/2141 1.33 1.43 1.50 1.19-1.88 0.001 0.013 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
** adjusted for sex, smoking, fathers social class at birth, region and hayfever 
#p-value corrected for multiple testing using the Bonferroni correction (26 associations tested) 
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In the unadjusted analysis six individual exposure groups and two aggregated risk 
groups were significantly associated with an increased risk of adult onset asthma.  After 
adjustment, adult onset asthma was associated with additional groups but the associations 
with ever working in a job with exposure to “HMW mite and insect antigens” and “HMW 
latex antigens” were no longer significant.  Jobs with HMW flour and HMW enzyme 
exposure were only significantly associated with asthma after adjustment and the 
association with LMW metal and metal fume antigens only reached significance after 
adjustment for childhood hayfever.   
 
Many of the exposures identified are exposures that were associated with the 
occupations previously identified (exposure was defined using ISCO-88 codes or ECRHS 
groups), for example, exposure to “LMW reactive cleaning / disinfecting products” is 
associated with many of the cleaning occupations.  All of the associations observed between 
asthma and ASJEM exposure were positive.   
 
Using the Bonferroni correction, ever working in an occupation with exposure to 
“LMW reactive cleaning / disinfecting products”, “uncertain exposures” and “any LMW 
agent” remained significantly associated with asthma.  The duration of employment in 
occupations exposed to “any LMW agent” and occupations with “uncertain” exposures was 
significantly shorter for those with asthma.    
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Table 7.1.11: Duration of employment in significant ‘ever’ ASJEM exposures by age 42 
ASJEM exposures 
Excluded* 
Case/ 
total n 
No asthma – 
median 
(years) 
Asthma – 
median 
(years) 
p-
value** 
Any LMW exposure 34 184/1932 5.17 3.61 0.021 
LMW reactive cleaning / disinfecting 
products 
20 90/735 2.58 1.92 0.257 
Uncertain: Relevant exposures remain 
uncertain even after checking 
39 210/2102 3.98 2.69 0.001 
* Excluded due to missing or inconsistent dates  
**Mann-Whitney test 
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As many of the identified occupational exposures were in occupations dominated by 
women, an effect modification by sex was tested for in the fully adjusted model.  This was 
only tested in the occupation exposure groups due to limited numbers in occupations, 
especially when stratifed.  Table 7.1.12 shows the association between adult onset asthma 
and ASJEM exposure group stratified by sex.  Whilst the majority of the associations seem 
only to be in women, these were not significantly different from men when tested formally.   
This suggests that men and women do not significantly differ in their response to 
occupational exposures in this sample. 
 
Table 7.1.12: Significant associations between adult onset asthma and ‘ever’ working in an 
ASJEM exposure group – stratified by sex 
Ever exposure (Total 
n=3950)  
case/  
total 
OR* 95% CI 
case/ 
total 
OR* 95% CI 
p-
value# 
 MEN WOMEN  
 Reference group 33/630 - - 113/1234 1.00 -  
Any high risk  96/ 1422 1.41 0.92-2.14 205/1715 1.38 1.08-1.78 0.949 
Any low risk exposure 158/2500 1.29 0.87-1.93 241/2129 1.27 0.99-1.63 0.950 
Any HMW exposure 40/671 1.25 0.77-2.02 143/ 1226 1.33 1.02-1.74 0.806 
Any LMW exposure 74/ 1085 1.42 0.91-2.20 115/881 1.52 1.14-2.02 0.798 
Any mixed exposure 28/ 461 1.23 0.72-2.10 47/346 1.61 1.10-2.34 0.422 
LMW highly reactive 
chemicals 
21/407 1.05 0.59-1.87 53/ 402 1.48 1.04-2.12 0.318 
LMW reactive 
cleaning products 
19/212 1.99 1.09-3.63 73/543 1.57 1.14-2.18 0.504 
LMW metal and metal 
fume antigens 
30/479 1.29 0.76-2.20 20/130 1.74 1.03-2.95 0.438 
Mixed environments: 
textile production 
3/62 0.87 0.25-3.01 29/195 1.88 1.19-2.97 0.256 
Combustion fumes 85/1159 1.54 1.00-2.37 40/379 1.12 0.76-1.66 0.284 
High probability of 
exposure to ETS 
17/243 1.44 0.78-2.67 88/705 1.40 1.03-1.90 0.927 
Possible irritants 
gasses or fumes 
91/1421 1.35 0.88-2.06 129/1111 1.32 1.00-1.74 0.947 
Low antigens 99/ 1585 1.28 0.84-1.94 191/1687 1.29 1.00-1.67 0.962 
Uncertain 71/ 1015 1.46 0.94-2.26 147/1126 1.50 1.15-1.97 0.903 
Bold = reached conventional levels of statistical significance (p<0.05) 
* adjusted for smoking, fathers social class at birth, region and childhood hayfever 
#Difference in odds ratios 
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Effect modification by smoking was tested for in the fully adjusted model.  Table 
7.1.13 shows the association between adult onset asthma and ASJEM exposure group 
stratified by smoking status (ever/never) at age 42.  Whilst the majority of the associations 
were only significant for ever smokers the differences were only significantly different  for  
people who had ‘ever’ worked in a job with “uncertain exposures”.   This suggests people 
who had ever smoked by age 42, do not significantly differ in their response to occupational 
exposures to those who had never smoked. 
 
 Table 7.1.13: Significant associations between adult onset asthma and ‘ever’ working in 
an ASJEM exposure group – stratified by smoking status at age 42 
Ever exposure  cases/  
total 
OR* 95% CI 
cases/ 
total 
OR* 95% CI 
p-
value# 
 Never smokers Ever smokers  
 Reference group 83/1043 1.00 - 63/821 1.00 -  
Any high risk  108/1241 1.28 0.94-1.74 193/1896 1.55 1.14-2.10 0.383 
Any low risk exposure 134/1875 1.07 0.80-1.45 265/2754 1.51 1.12-2.03 0.110 
Any HMW exposure 70/786 1.25 0.89-1.76 113/ 1111 1.44 1.04-1.99 0.566 
Any LMW exposure 65/717 1.44 1.01-2.05 124/1249 1.60 1.15-2.21 0.673 
Any mixed exposure 30/282 1.87 1.18-2.96 45/525 1.36 0.91-2.05 0.312 
HMW animal antigens 12/ 96 2.01 1.02-3.94 9/153 0.91 0.44-1.88 0.117 
HMW Flour 3/38 1.30 0.39-4.38 11/73 2.66 1.31-5.39 0.318 
HMW antigenic enzymes 1/30 0.53 0.07-4.00 11/60 3.50 1.71-7.19 0.085 
LMW reactive cleaning / 
disinfecting products 
30/257 1.68 1.06-2.65 62/498 1.77 1.22-2.58 0.852 
LMW metal and metal fume 
antigens 
15/211 1.22 0.67-2.22 35/398 1.62 1.03-2.55 0.457 
Mixed environments: textile 
production 
9/76 1.65 0.78-3.50 23/181 1.92 1.14-3.24 0.743 
Mixed environments: 
Agriculture 
16/ 144 2.11 1.17-3.83 19/255 1.21 0.70-2.08 0.173 
Combustion particles/fumes 37/581 1.14 0.75-1.75 88/957 1.64 1.15-2.34 0.203 
High probability of exposure 
to ETS 
30/319 1.18 0.75-1.86 75/629 1.64 1.15-2.35 0.265 
Possible irritants gasses or 
fumes 
73/973 1.16 0.83-1.64 147/1559 1.52 1.11-2.09 0.261 
Low antigens 97/1306 1.10 0.80-1.50 193/1966 1.51 1.11-2.04 0.154 
Uncertain exposures  57/814 1.00 0.69-1.43 161/1327 1.91 1.40-2.62 0.007 
Bold = reached conventional levels of statistical significance (p=0.05) 
#Difference in the odds ratios 
*adjusted for sex, fathers social class at birth, region and childhood hayfever 
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Results – ‘Always’ worked in an occupational group: 
 The number of people who had only worked in one occupation (as defined by ISCO-
88 codes) was limited and smaller even than in the 16 to 33 analysis (Table 7.1.14); thus no 
analysis of these codes was possible.  Defining exposure as “only having worked in one 
ECRHS group” also gave very small numbers; only 12 of the groups had any cases of asthma 
and only the “high risk” group had more than five.  The only significant associations 
observed were for ‘only ever’ having worked in a job defined as “other medical and 
pharmacy, excluding nurses” (ECRHS group 5) and “agriculture and forestry” (ECRHS group 
6).  Strong associations in these occupational groups were observed, but the numbers in 
these groups were very small.  
 
Table 7.1.14: Significant associations between adult onset asthma and “always” working 
in an ECRHS group  
Always ECRHS group cases/ 
total n 
OR OR* OR** 95% CI 
p-
value 
Reference group 242/2822 1.00 1.00 1.00 - - 
Always worked in any ECRHS high risk 
groups  
12/102 1.56 1.75 1.76 0.93-3.31 0.081 
Group 5 - Other medical and pharmacy, 
excluding nurses 
4/19 3.90 3.50 3.58 1.26-10.18 0.017 
Group 6 - Agriculture and forestry 2/14 3.51 4.79 4.32 1.12-16.67 0.034 
Bold = reached conventional levels of statistical significance (p=0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
** adjusted for sex, smoking, fathers social class at birth, region and hayfever 
 
No correction for multiple testing was made as only a limited number of groups were 
considered. 
Results – ‘Always’ worked in an ASJEM exposure: 
The number of people that had always worked in each exposure group was also very 
small; just 13 exposure groups had one or more cases of asthma.  No significant associations 
were observed between ASJEM exposures and adult onset asthma.   
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Aim 1.2: Timing of the exposure 
Working in some occupations or where certain exposures occurred was a risk factor 
for adult onset asthma, but to make a clear causal link the exposure should precede the 
development of the disease.  The dates of employment in each occupation were known for 
many participants but there was relatively little information on the age of asthma onset. 
 
At age 42 cohort members were asked whether they had ever had asthma and those 
who responded positively were asked for the age at which their asthma started.  This 
variable was investigated for its suitability for use in further analysis.  The age of onset of 
asthma reported at age 42 was compared to the answers given at previous surveys.  Those 
with complete information at ages 7, 11, 16, 33 and 42 as well as age of onset as reported at 
age 42 were included.  This gave a sample of 5740 people and the comparison is shown in 
table 7.1.15.    
Table 7.1.15: Age of asthma onset at age 42 compared to previous surveys 
Age of 
asthma 
onset 
reported at 
42  
Mother 
reported 
asthma at 
7 
Mother 
reported 
asthma at 
11, but not 
at 7 
Mother 
reported 
asthma at 16, 
but not at 7 or 
11 
Self-reported 
asthma at 33, 
but not at 7, 11 
or 16 
Self-reported 
asthma at 42, 
but not at 7, 
11, 16 or 33 
Total  
No asthma 
reported 
(n=5107) 
758 163 130 54 0  
0-7  147 20 7 9 4 187 
8-11 23 6 12 8 1 50 
12-16 9 7 6 10 9 41 
17-33 44 8 7 96 38 193 
34-42 34 3 9 8 108 162 
Total 1015 207 171 185 160 5740 
 
At age 42, 633 reported that they had ever had asthma and provided an age of 
asthma onset.  Of these, 278 reported that their asthma had begun before the age of 16, 
although 41 (15% - shaded blue) had no carer’s report of asthma in the childhood surveys.  
Of the remainder, 355 reported their asthma began after the age of 16 years but 30% (105) 
of these had a carer who stated that they had asthma/asthma like symptoms in childhood 
(shaded pink).    Of the 134 reporting at age 42 that their asthma began between the ages of 
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16 and 33 (shaded green) only 96 (72%) had actually reported having asthma at age 33.  Of 
the other 116 participants reporting adult onset asthma between the ages of 34 and 42 
(shaded purple), 8 reported that they had asthma when interviewed at age 33.   
 
The numbers available to assess the relationship between age of asthma onset and 
exposure were investigated using a clearly defined occupational group, significantly 
associated with adult onset asthma (ECRHS group 2 - Cleaners and caretakers).  This 
occupational group was one of the largest with 1030 people (with 146 cases of asthma 
reported at age 42) who had ‘ever’ worked in this group by age 42.  Figure 7.1.1 shows the 
numbers remaining for further analysis once those without an age of onset of asthma and 
those with inconsistent employment dates were dropped. 
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Figure 7.1.1: Numbers available for a further analysis for those who were ever 
cleaners 
 
Ever  cleaners (n=1030) 
Ever cleaner, with asthma at 42 (n=146) 
Ever cleaner, with adult onset asthma at 42 
(n=92) 
Ever cleaner, with adult onset asthma at 42 
, consistent age of onset of childhood 
asthma (n=78) 
Ever cleaner, with adult onset asthma at 42 , 
consistent age of onset of childhood asthma  
and all employment dates (n=76) 
Ever cleaner, with adult onset asthma at 
42, with age of onset as consistent  as 
possible and all employment dates (n=64) 
No “ever” asthma at 
age 42 (n=884) 
No employment 
dates (n=2) 
Childhood asthma – 
carer report at 7, 11 
or 16 (n=54) 
At age 42 reported 
asthma began before 
age 16 (n=14) 
175 with carer report 
of asthma in childhood 
11 with asthma 
reported at age 33 
Reported age of onset at 
42 as being between 16-
33 but no asthma 
reported at age 33 (n=11) 
Reported age of onset at 
42 as being between 34-
42 but asthma reported at 
age 33 (n=1) 
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After excluding ‘childhood asthma’ (as reported by the parent) a further 14 
individuals still claimed their asthma started in childhood.  Excluding these individuals left 78 
cleaners with adult onset asthma at age 42.  Information on the timing of the cleaning 
exposures was relatively complete with only two individuals having missing dates.  When 
those with an inconsistently reported age of asthma onset were excluded from the analysis 
only 64 of 92 (70%) of the adult onset asthma cases could be used for further analysis. 
 
These 64 cleaners were then investigated to see if it was possible to tell whether 
adult onset asthma had developed during a cleaning period.  Table 7.1.16 and table 7.1.17 
show the relationship between reported age of onset of asthma, and the period of work as a 
cleaner.  To account for minor errors of recall of age of onset, these are shown with a two 
year and five year “tolerance”.  The five year tolerance was used as a paper by Basagana et 
al suggested that recall error may be greater than two years (Basagana et al. 2001a). 
 
Table 7.1.16: Age of asthma onset (as reported at age 42) in people who had ‘ever’ 
worked as a cleaner, excluding all those whose mother reported that had asthma in 
childhood (2 year tolerance). 
Asthma onset >2 
years prior to 1st 
cleaning job % (n) 
Asthma onset 
<2 years prior 
to 1st cleaning 
job % (n) 
Asthma 
onset = 
cleaning job 
% (n) 
Asthma onset < 
2 years after 
cleaning job % 
(n) 
Asthma onset 
>2 years after 
last cleaning 
job % (n) 
Total % 
(n) 
14.1 (9) 10.9 (7) 14.1 (9) 9.4 (6) 51.6 (33) 100 (64) 
 34.4 (22)   
 
Table 7.1.17: Age of asthma onset (as reported at age 42) in people who had ‘ever’ 
worked as a cleaner, excluding all those whose mother reported that had asthma in 
childhood (5 year tolerance). 
Asthma onset >5 
years prior to 1st 
cleaning job % (n) 
Asthma onset 
<5 years prior 
to 1st cleaning 
job % (n) 
Asthma 
onset = 
cleaning job 
% (n) 
Asthma onset < 
5 years after 
cleaning job % 
(n) 
Asthma onset 
>5 years after 
last cleaning 
job % (n) 
Total % 
(n) 
9.4 (6) 15.6 (10) 14.1 (9) 23.4 (15) 37.5 (24) 100 (64) 
 53.1 (34)   
 
Only 14 % of those with adult onset asthma, and who had worked as a cleaner, 
started their asthma while they were working as a cleaner.  When this was expanded to a 2 
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year window either side of a cleaning period, 34% of cleaners reported their asthma started 
within 2 years of a cleaning job.  This was higher (53%) when a five year tolerance was used 
instead.   
 
In total two-thirds of those reporting adult onset asthma at age 42 could be included 
in any further analysis.  When investigated further few appear to have developed asthma 
during a cleaning period, and only when a large “tolerance” was used did the cleaning 
exposure appear to have any relationship with the development of asthma.  Therefore 
either there is no link between cleaning exposures and the development of asthma or the 
available data is not accurate enough to examine this link.  It was decided not to continue 
with further analyses with other occupational groups as the numbers were likely to be even 
smaller. 
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Summary – Aim 1  
In the analyses using the full occupational history from entry to the workforce to age 
42, a wide range of occupations and exposures were seen to be positively associated with 
adult onset asthma.  Some of these associations between adult onset asthma and 
occupations (defined by ISCO-88 codes) had already been observed by age 33, (5123 – 
Waiters, 5141 – Hairdressers, 7324 – Glass painters, 7341 – Compositors, 9320 – 
Manufacturing labourers) with the associations being of a similar strength.  However many 
new occupations were observed for the first time by age 42.   
 
Certain groups could be identified, at least four occupations related to cleaning were 
associated with an increased risk of asthma as were three manual labouring occupations.  
Other occupations that are known to be a risk for asthma were also identified including 
hairdressers, textile workers, printing workers and care workers.   Other occupations 
observed to be associated with asthma had not been previously been identified as risk 
factors in the literature review (for example aircraft mechanics).  The strongest association 
observed was for ‘ever’ working as a “market-oriented crop and animal producer”.  This 
remained significant even after correction for multiple testing.  Two occupations associated 
with an increased risk of asthma at age 33 (8223 - Metal finishing and 8334 – Lifting truck 
drivers) did not appear to be associated with asthma by age 42.   
 
Using ECRHS groups to define exposure identified cleaners, hairdressers, care 
workers, printing workers, manual and agricultural occupations as important risk groups.  
Hairdressing and printing (ECRHS groups 7 and 21) had previously been identified as risk 
factors by age 33.   Some associations seen by age 33 were no longer observed when the 
occupational history up to age 42 was used (wood workers – ECRHS group 7 and painters – 
ECRHS group 17).   By using the grouped occupations instead of ISCO-88 codes additional 
associations with asthma were observed for food processors and drivers (ECRHS groups 9 
and 24).   
 
 Associations obtained from looking at the ASJEM exposure groups were consistent 
with the occupational code analysis (for example “LMW cleaning products” which is 
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assigned to cleaning occupations).  It also identified positive associations for HMW flour and 
HMW enzyme exposure which are associated with baking occupations; these were not 
identified using the occupational codes even though these jobs are known to be associated 
with asthma.  Many of the positive associations identified by the ASJEM were low risk 
irritant exposures; these are less commonly reported as being associated with the 
development of asthma.  When the ASJEM analysis was stratified by sex, the majority of the 
significant associations were observed in women and in an analysis stratified by smoking 
status (ever/never smoking) the majority of associations were observed in ‘ever’ smokers, 
particularly for the low risk irritant exposures.  However in both of these stratified analyses 
formal tests for differences suggested little systematic differences between sexes and by 
smoking status. 
 
Only a small proportion of the cohort remained in the same exposure group from 
age 16 to 42, whether the group was defined by ISCO-88 code, ECRHS group or by types of 
exposures encountered.  This meant that it was difficult to identify any jobs as having a high 
risk of asthma using this form of analysis.  However there was some evidence of an 
increased risk of asthma for always working in “other medical and pharmacy, excluding 
nurses” and “agriculture and forestry” occupations. 
The duration of employment in exposures significantly associated with asthma was 
nearly always shorter for those with asthma when compared to those without asthma.  The 
reasons for this are unclear but perhaps reflect development or exacerbation of symptoms 
while in that job, that lead to those with asthma leaving the job.   
Due to limited numbers as well as inaccuracies in both the occupational dates and 
the age of asthma onset variable, it was impossible to determine whether the development 
of asthma occurred during a cleaning period.   The ECRHS group “cleaning and caretaking” 
was one of the largest groups to be associated with asthma.  In view of the difficulties seen, 
it was decided not to proceed with further analysis to investigate other occupations in 
regards to exposure timing. 
Additional adjustment for childhood hayfever in these analyses increased the 
strength of the observed associations and in some cases the association with adult onset 
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asthma only became significant after this adjustment.  The effects of the adjustment of 
confounders are shown in figure 7.1.2, which plots the significant associations (ORs with 
95% CIs) for each model in the analysis of ‘ever’ ASJEM exposure and adult onset asthma. 
Figure 7.1.2:  Increase in ORs for HMW exposures after adjusting for childhood 
hayfever/allergic rhinitis 
  
1 2 3 4 5
Odds Ratios
LMW
Mixed
HMW Flour
HMW Mite
HMW Enzymes
HMW Latex
LMW Clean
LMW Metal fumes
Mix: textiles
Combustion
ETS
Possible irritants
Low antigens
Uncertain
Any low risk
HMW
Any high risk
S
ig
n
ifi
ca
n
t 
A
S
JE
M
 e
xp
o
su
re
s
      Unadjusted 
      Adjustment 1 – sex, 
smoking, fathers social 
class and region        
      Adjustment 2 - sex, 
smoking, father’s social 
class, region & 
childhood hayfever 
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Chapter 7: Asthma and occupation ages 16-42 -objective measures  
In the previous analysis asthma was defined by parental or self-report.  In order to 
examine whether these associations remained significant when an objective marker of 
disease was used, the analysis was repeated redefining asthma with airway obstruction.  
Lung function was measured by spirometry at age 45 and methods for this are detailed in 
chapter 4. 
Aim of analysis: 
To assess the association of reported adult onset asthma with objective markers of lung 
function with exposures identified as significant in aim 1. 
 
Method: 
The full occupational history containing occupations (ISCO-88 codes) and ASJEM 
exposures (expert reviewed) from ages 16 to 42 and health data from childhood (n=9488) 
was merged with the biomedical data collected at age 45.  The biomedical sample (collected 
in 2004) targeted 12,037 cohort members who had responded at ages 24, 33 or 42.  In total 
9377 cohort members took part (had at least one measurement). 
Participants were excluded if: 
 They had occupational but no biomedical data (n=1740) 
 They had biomedical data but no occupational history (n=1227) 
In total 2967 individuals were excluded, leaving a total sample of 8150 individuals with an 
occupational history and biomedical data.   
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Outcome: 
After excluding those with “childhood asthma” (defined as asthma at age 7, 11 or 16), adult 
onset asthma with airway obstruction was defined as: 
 a positive response to the question ‘Have you ever been told that you have asthma?’ 
at age 33  
 or a positive response to the question 'Have you ever had or been told you had 
asthma?' at age 42.   
 and an FEV1/FVC ratio of less than 70% (airway obstruction) at age 45.   (Based on 
highest FEV1 and FVC from up to five satisfactory blows) 
 
Those reporting asthma but who did not have airway obstruction were included with those 
who did not have asthma (n=419).  
Exposure: 
Only occupations and exposures identified as significant in aim 1 were investigated.  
Due to limited numbers the association between asthma with airway obstruction and 
occupation was considered as ‘ever’ in an occupation and ‘ever’ being in an ASJEM exposure 
group.  The reference groups were “only ever” working in an office based occupation or the 
“unlikely exposed” group of the ASJEM.   
Statistical method: 
 These analyses followed the same methods as were used for the previous adult 
onset asthma (Chapter 5).   
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Results: Adult onset asthma plus airway obstruction 
Of the cohort members with spirometry measures and an occupational history, 
21.8% reported childhood asthma.  After excluding these participants the sample contained 
6188 people.  The socio-demographic features of those included were similar to those used 
in other analyses.  The prevalence of adult onset asthma with airway obstruction at age 45 
was 2%. 
Results – ‘ever’ worked in an occupation  
Table 7.2.1 shows the associations with occupations identified as a risk for adult 
onset asthma in previous analysis and the risk when asthma was redefined to include airway 
obstruction.  Interpretation of the results is severely limited by the small numbers of 
individuals with both adult onset asthma and airway obstruction.  Eighteen occupations 
were associated with an increased risk of self-reported asthma in the original analysis.  Only 
five of these remained significant when asthma was redefined (shaded light pink).  In these 
occupations the strength of the association generally increased (especially for 9322 - Hand 
packers & manufacturing labourers and 9152 - Doorkeepers, watchpersons).   It may be that 
defining asthma with airway obstruction identifies severe asthma or this definition may be 
picking up additional respiratory conditions, the most likely being COPD.    
 
To examine whether the differences observed were due to the change in the asthma 
definition or due to the decreased sample size, the original definition of self-reported 
asthma was used with the biomedical sample.  The majority of the occupations remained 
significantly associated with self-reported asthma (shaded light blue) in the biomedical 
sample.  Therefore the majority of the changes to occupations associated with asthma with 
airway obstruction come from this new definition of asthma, this was most likely due to the 
low numbers of people who had self-reported asthma and airway obstruction.  This is 
consistent with the observed strength and direction of the non-significant associations with 
asthma defined using airway obstruction, which was similar to the associations derived from 
self-reported asthma.  Of note, the direction of the association between asthma with airway 
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obstruction and ‘ever’ working as a hairdresser changed, this is because only one 
hairdresser with adult onset asthma also had airway obstruction. 
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Table 7.2.1:  Associations observed between ‘ever’ occupation and asthma defined as self-reported and as self-reported asthma plus airway 
obstruction 
Employment code 
Case/ 
total  
OR** 95% CI 
Case/ 
total 
OR** 95% CI 
Case/ 
total 
OR** 95% CI 
 (1) Adult onset asthma n=7406 (2) Adult onset asthma n=6188 
(3) Adult onset asthma + airway 
obstruction n=6188 
reference group  170/2217 1.00 - 149/1864 1.00 - 29/1864 1.00 - 
5122 - Cooks 42/367 1.50 1.12-2.01 37/310 1.49 1.01-2.20 8/310 1.45 0.64-3.24 
5123 - Waiters, waitresses & bartenders 78/667 1.94 1.40-2.69 67/563 1.43 1.04- 1.96 17/ 563 1.64 0.88-3.08 
5133 - Home-based personal care workers 60/404 1.88 1.24-2.85 50/355 1.69 1.19-2.42 11/ 355 1.67 0.81-3.46 
5141 - Hairdressers, barbers, beauticians 32/218 1.88 1.24-2.85 24/176 1.59 0.99-2.55 1/176 0.29 0.04-2.16 
5169 - Protective services workers 14/130 1.90 1.05-3.43 13/111 1.98 1.07-3.67 3/111 1.94 0.57-6.62 
6130 - Market-oriented crop and animal producers 10/57 4.26 2.06-8.80 10/48 4.95 2.35-10.41 2/48 4.27 0.95-19.15 
7232 - Aircraft engine mechanics and fitters 5/30 3.81 1.41-10.31 4/27 3.03 1.01-9.08 1/27 3.38 0.43- 26.87 
7324 - Glass, ceramics and related decorative 
painters 
4/17 3.84 1.18-12.43 3/13 3.06 0.79-11.83 1/13 3.50 0.40-30.36 
7341 - Compositors, typesetters  10/60 3.04 1.49-6.18 9/51 3.12 1.46-6.64 3/51 4.56 1.31-15.92 
8263 - Sewing-machine operators 19/133 1.93 1.14-3.26 14/104 1.64 0.90-3.00 4/104 1.92 0.64-5.73 
9131 - Domestic helpers and cleaners 16/113 1.79 1.02-3.14 12/91 1.46 0.77-2.78 3/91 1.66 0.48-5.67 
9132 - Helpers and cleaners in offices, hotels  70/516 1.82 1.34-2.48 62/431 1.82 1.31-2.53 17/431 2.25 1.19-4.24 
9133 - Hand-launderers and pressers 8/50 2.26 1.03-4.98 6/40 1.97 0.80-4.85 0/40 - - 
9151 - Messengers, package and luggage porters & 
deliverers 
12/103 2.06 1.09-3.90 10/87 2.02 1.01-4.05 2/87 1.77 0.41-7.73 
9152 - Doorkeepers, watchpersons  13/82 2.59 1.37-4.87 11/65 2.56 1.29-5.11 5/65 5.00 1.81-13.85 
9313 - Building construction labourers 18/208 1.92 1.12-3.27 14/176 1.66 0.91-3.02 3/176 1.39 0.40-4.87 
9320 - Manufacturing labourers  30/198 2.55 1.66-3.93 24/161 2.32 1.44-3.75 7/161 2.86 1.20-6.81 
9322 - Hand packers & other manufacturing labourers 22/170 1.66 1.02-2.70 17/126 1.61 0.93-2.79 9/126 4.12 1.85-9.17 
Bold = reached conventional levels of statistical significance (p=0.05), ** adjusted for sex, smoking, fathers social class at birth, region and childhood hayfever. 
Shaded light pink = significant with both definitions of asthma 
Shaded light blue = significant in both analyses of self-reported asthma in the different samples 
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Results - ‘ever’ worked in an ECRHS occupational group: 
A similar picture was seen when exposure was defined using occupational groups 
(Table 7.2.2).  A greater proportion of the occupational groups remained significantly 
associated with asthma with airway obstruction; this is most likely due to the larger groups 
of exposed people.  Eleven significant associations were seen in the original analysis and six 
of these remained significant when asthma was redefined to include airway obstruction.  
Again those that remained significantly associated with asthma when it was defined using 
airway obstruction increased in strength particularly for group 21 (printing workers). Of 
those no longer significantly associated with asthma the strength of the association was 
remained similar. 
 
In table 7.2.2, the light blue shading indicates significant associations between ‘ever’ 
working in an occupational group and self-reported asthma in both the full employment 
history and the biomedical sample.  The majority of associations remained the same, even in 
those not longer significant the strength and direction of the association remained similar 
between the two samples. 
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Table 7.2.2:  Associations observed between ‘ever’ occupational group and asthma defined as self-reported and as self-reported asthma 
plus airway obstruction 
ECRHS group Case/ total OR** 95% CI Case/ total  OR** 95% CI Case/ total  OR** 95% CI 
 (1) Adult onset asthma (n=7406) (2) Adult onset asthma (n=6188) 
(3) Adult onset asthma + airway 
obstruction (n=6188) 
Reference group 198/ 2515 1.00 - 31/2117 1.00 - 31/2117 1.00 - 
Any ECRHS high risk groups 323/3489 1.42 1.17-1.73 62/2866 1.28 1.04-1.59 62/2866 1.56 0.99-2.46 
2-Cleaners and caretakers 99/778 1.70 1.30-2.22 83/639 1.60 1.20-2.14 21/639 2.04 1.14-3.65 
3-Hairdressers 32/218 1.84 1.22-2.78 24/176 1.55 0.97-2.47 1/176 0.31 0.04-2.33 
5-Other medical & pharmacy, 
excluding nurses 
75/603 1.54 1.15-2.05 62/521 1.36 0.99-1.86 14/521 1.59 0.83-3.04 
6-Agriculture and forestry 38/409 1.52 1.04-2.21 34/347 1.47 0.99-2.20 10/347 2.19 1.04-4.62 
9-Food and tobacco processing 61/585 1.45 1.06-1.97 54/486 1.43 1.02-1.99 11/486 1.43 0.70-2.91 
19-Textile, leather & fur workers 39/324 1.68 1.15-2.45 32/264 1.54 1.01-2.33 12/264 2.75 1.35-5.59 
21-Printing workers 15/132 1.80 1.02-3.19 14/116 1.81 0.99-3.28 7/116 4.61 1.93-11.05 
24-Drivers 51/605 1.58 1.12-2.22 40/482 1.41 0.96-2.07 7/482 1.12 0.47-2.67 
25-Remainder transport and storage 37/362 1.85 1.26-2.72 30/297 1.73 1.13-2.64 9/297 2.58 1.17-5.65 
26-Remainder blue-collar 97/918 1.63 1.25-2.13 79/739 1.54 1.15-2.06 22/739 2.16 1.21-3.85 
Bold = reached conventional levels of statistical significance (p<0.05) 
 ** adjusted for sex, smoking, fathers social class at birth, region and childhood hayfever 
Shaded light pink = significant with both definitions of asthma 
Shaded light blue = significant in both analyses of self-reported asthma in the different samples 
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Results - ‘ever’ worked in an occupation with an ASJEM exposure: 
The significant associations between adult onset asthma with airway obstruction and 
‘ever’ working in an occupation with an ASJEM exposure are given in table 7.2.3.  Unlike the 
occupational code analysis the majority of the ASJEM exposure groups had reasonable 
numbers of cases even in the biomedical sample.   
 
Fifteen occupational exposure groups were associated with an increased risk of adult 
onset asthma in the original analysis. Defining asthma with airway obstruction confirms five 
of these associations, all of which were seen in “high asthma risk” exposure groups (Table 
7.2.3. shaded light pink).  People who had ‘ever’ worked with these exposures were more 
likely to have self-reported asthma with impaired lung function and the effect estimate was 
stronger than when asthma was defined using self-report alone.  This was particularly seen 
for ‘ever’ working in a job with HMW flour and HMW enzyme exposure.  Of the fifteen 
original significant associations with self-reported asthma, eleven remained significant in 
the biomedical sample (shaded light blue).   
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Table 7.2.3:  Associations observed between ‘ever’ ASJEM exposure and asthma defined as self-reported and as self-reported asthma plus 
airway obstruction 
Ever exposure Total n=6188 Case/ total  OR** 95% CI Case/ total OR** 95% CI Case/ total OR** 95% CI 
 (1) Adult onset asthma n=7406 (2) Adult onset asthma n=6188 
(3) Adult onset asthma with 
airway obstruction n=6188 
 ‘unlikely exposed to asthmagens’ (reference 
group) 
146/1864 1.00 - 127/1567 1.00 - 24/1567 1.00 - 
Any high risk  301/3137 1.40 1.13-1.73 251/2615 1.32 1.05-1.66 58/2615 1.44 0.88-2.36 
Any low risk exposure 399/4629 1.30 1.05-1.59 336/3832 1.25 1.00-1.56 77/3832 1.35 0.84-2.19 
Any HMW exposure 183/1897 1.33 1.05-1.68 156/1593 1.26 0.98-1.63 37/1593 1.45 0.86-2.47 
Any LMW exposure 189/1966 1.49 1.18-1.89 156/1637 1.39 1.07-1.80 37/1637 1.51 0.88-2.59 
Any mixed exposure 75/807 1.45 1.07-1.97 65/669 1.43 1.03-1.98 19/669 1.86 0.99-3.50 
HMW flour associated antigens 14/111 2.12 1.17-3.85 11/81 2.12 1.08-4.17 6/81 5.48 2.12-14.20 
HMW antigenic enzymes 12/90 2.32 1.22-4.42 9/64 2.26 1.07-4.74 5/64 5.97 2.14-16.69 
LMW reactive cleaning / disinfecting products 92/755 1.67 1.26-2.22 77/627 1.58 1.16-2.15 20/627 1.91 1.03-3.56 
LMW metal and metal fume antigens 50/609 1.45 1.02-2.07 40/497 1.33 0.90-1.96 14/497 2.13 1.05-4.32 
Mixed environments: textile production 32/257 1.71 1.12-2.61 26/208 1.58 0.99-2.52 9/208 2.36 1.05-5.31 
Combustion particles/fumes: vehicle / motor 
exhaust 
125/1538 1.41 1.08-1.84 108/1267 1.40 1.05-1.87 25/1267 1.44 0.79-2.64 
High probability of exposure to environmental 
tobacco smoke 
105/948 1.43 1.09-1.88 91/791 1.41 1.05-1.90 23/791 1.68 0.92-3.04 
Possible exposure to irritants gasses or fumes 220/2532 1.34 1.06-1.68 181/2088 1.26 0.99-1.62 40/2088 1.29 0.76-2.21 
Low antigens exposure 290/3272 1.30 1.05-1.62 251/2729 1.28 1.01-1.61 59/2729 1.42 0.87-2.33 
Uncertain exposures 218/2141 1.50 1.19-1.88 175/1766 1.37 1.07-1.75 43/1767 1.59 0.94-2.67 
Bold = reached conventional levels of statistical significance (p<0.05), ** adjusted for sex, smoking, fathers social class at birth, region and childhood hayfever 
Shaded light pink = significant with both definitions of asthma 
Shaded light blue = significant in both analyses of self-reported asthma in the different samples 
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Summary – Longitudinal analysis of asthma with airway obstruction 
 When asthma was redefined to include an objective measure of disease the number 
of observed association decreased.  Those associations that remained significant increased 
in strength.  This was particularly noticeable for printing workers and for bakery exposures 
(HMW flour and HMW enzymes).  This suggests that self-reported asthma with airway 
obstruction may be identifying more severe asthma than self-report alone.  However links 
between asthma with airway obstruction and exposures may in fact be links between the 
exposure and airway obstruction not asthma.  This airway obstruction could be due to other 
respiratory conditions such as chronic obstructive pulmonary disease (COPD).   
 
 While identifying COPD in addition to asthma in this analysis cannot be ruled out, 
occupational COPD is usually caused by dust or irritant exposures (Blanc et al. 2009); and 
the strength of the risk estimates for these exposure groups in the ASJEM were unchanged 
when asthma was defined using airway obstruction.  However an increased risk of asthma 
with airway obstruction was seen for exposure to “mixed environments: textile production” 
and work in the textile industry has been shown to cause occupational COPD (Meldrum et 
al. 2005).  Other manufacturing and transport occupations have been identified as risk 
factors for COPD (Burge 1994;Meldrum et al 2005) and increased risks of asthma with 
airway obstruction were seen for ‘ever’ working in ‘“remainder transport and storage”, 
“remainder blue-collar”, “manufacturing labourers” and “hand packers & other 
manufacturing labourers”.   
 
Whether this definition of asthma identifies severe asthma or another respiratory 
condition (or both) this analysis confirms associations with previously identified “risky jobs”.  
It shows that many individuals in these “risky occupations” had an objective measure of 
airway obstruction by age 45. 
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Chapter 7: Effect modification by atopy 
Introduction: 
At age 45 serum specific IgE measures were available for 5076 participants.  This 
could be used to categorize participants into those who were and were not atopic (the 
methods for this are detailed in chapter 4).  The effect of atopy on associations with 
occupations could not be investigated due to limited numbers.  However the effect of atopy 
on associations with the ECRHS occupational groups and the ASJEM occupational exposures 
could be assessed. 
Aim of analysis: 
To assess whether the presence of atopy at age 45 modifies the associations between 
asthma and occupational groups and occupational exposures.   
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Outcome: 
 Specific IgE to house dust mite, cat and grass was measured in all individuals with a 
total IgE >30KU/L (the median total IgE measure of the sample), using the HYTEC enzyme 
immunoassay.  Tests were considered positive if the measured level was greater than 
0.35KU/L.  An individual was considered to have atopy if they had specific IgE >0.35ku/L for 
one or more of these allergens.  All those with a total IgE less than 30KU/L were considered 
to be negative for specific IgE measures. 
 After excluding those with “childhood asthma” (defined as asthma at age 7, 11 or 
16), adult onset asthma was defined as a positive response to the questions: 
 ‘Have you ever been told that you have asthma?’ at age 33  
 or 'Have you ever had or been told you had asthma?' at age 42.   
Exposure: 
Effect modification by atopy was considered for ‘ever’ working in an ECRHS 
occupational group and in an ASJEM exposure group, the reference group was all those who 
had “only ever” worked in the office based occupations or in the “unlikely exposed” ASJEM 
group. 
Statistical method: 
 The analysis was stratified by atopic status.  The difference between the effect 
estimates for atopics and non-atopics was tested by calculating for differences or ratios 
between parameters for different subpopulations for data.   
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Description of the sample:  
The employment history merged with the biomedical sample was used for these 
analyses.  Individuals without measures of specific IgE were excluded (n= 1083).  Of the 
cohort members with measures of specific IgE and an occupational history, 21.8% reported 
childhood asthma.  After excluding these participants the sample contained 5076 people, 
25% of whom had atopy at age 45.    The sample is similar in most characteristics to those 
used in previous analysis. 
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Results: Atopy and ECRHS groups 
Table 7.3.1 shows the significant associations between adult onset asthma and ‘ever’ 
working in an occupational group, stratified by atopic status at age 45.  Although there is 
some suggestion of a differential effect of atopy on these associations, the difference 
between the risk estimates by atopic status was not statistically different except for group 
17 (Painters).  However this must be interpreted cautiously as group 17 has very low 
numbers of cases of adult onset asthma. 
 
Table 7.3.1: Significant associations between adult onset asthma and ‘ever’ working in an 
ECRHS occupational group, stratified by atopy 
Ever ECRHS group cases/ 
total 
OR* 95% CI 
cases/  
total 
OR* 95% CI OR# 95% CI 
 Not atopic (n=3791) Atopic (n=1285)   
 Reference group 67/1264 1.00 - 79/470 1.00 -   
2- Cleaners and 
caretakers 
44/430 1.71 1.13-2.60 23/102 1.49 0.86-2.58 0.87 0.44-1.74 
15-Other metal 
workers 
14/393 1.01 0.54-1.88 25/150 1.93 1.10-3.39 1.92 0.83-4.46 
17-Painters 0/58 - - 5/17 3.48 1.09-11.10 3.48 1.09-11.10 
19-Textile, leather and 
fur workers 
9/165 0.88 0.42-1.84 14/54 2.20 1.08-4.47 2.49 0.90-6.93 
22-Glass and ceramics 
workers 
2/34 1.29 0.29-5.70 3/7 8.75 1.77-43.29 6.78 0.77-60.09 
24-Drivers 18/314 1.55 0.87-2.76 17/98 1.95 1.04-3.68 1.26 0.53-2.96 
26-Remainder blue-
collar 
32/458 1.40 0.88-2.21 28/135 1.67 1.01-2.79 1.20 0.60-2.38 
Bold = reached conventional levels of statistical significance (p<0.05) 
* adjusted for sex, smoking, fathers social class at birth, region and childhood hayfever   
#Difference in ORs 
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In addition atopy was considered as potential confounder of the association 
between adult onset asthma and occupational group.  Table 7.3.2 shows the effect of 
additionally adjusting for atopy.   
 
Table 7.3.2: Significant associations between adult onset asthma and ‘ever’ working in an 
ECRHS occupational group, additional adjustment for atopy 
Ever ECRHS group 
Case/  total  OR OR* OR** 95% CI p-value 
ECRHS group 1 (reference) 146/1734 1.00 1.00 1.00 - - 
5-Other medical and pharmacy, 
excluding nurses 
51/446 1.40 1.28 1.34 0.94-1.91 0.102 
9-Food and tobacco processing 43/391 1.34 1.42 1.47 1.01-2.15 0.047 
21-Printing workers 13/97 1.68 2.05 2.00 1.05-3.80 0.034 
22-Glass and ceramics workers 5/41 1.51 2.25 2.76 1.03-7.41 0.044 
23-Construction and mining 27/483 0.64 1.04 1.14 0.71-1.82 0.583 
24-Drivers 35/412 1.01 1.52 1.72 1.13-2.62 0.012 
26-Remainder blue-collar 60/593 1.22 1.44 1.55 1.11-2.17 0.010 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth, region and childhood hayfever 
** adjusted for sex, smoking, fathers social class at birth, region, childhood hayfever and atopy 
 
 Additional adjustment for atopy appears to marginally increase the strength of the 
effect estimates.  For two occupational groups (Group 9-Food and tobacco processing and 
group 22-Glass and ceramics workers) the association with adult onset asthma only reached 
significance after adjustment for atopy.  This suggests that atopy may be a potential 
confounder of the association between adult onset asthma and occupational group.  
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Results: Atopy and ASJEM exposure group 
The analysis was repeated defining exposure as ‘ever’ worked in an ASJEM exposure 
group by age 42.  Table 7.3.3 shows the significant associations between adult onset asthma 
and ‘ever’ working in an exposure group, stratified by atopic status at age 45.  There is some 
suggestion of a differential effect of atopy on these associations, the difference between the 
risk estimates by atopic status was statistically different for exposures to “HMW fish 
antigens” (although based on very small numbers) and “mixed environments: textile 
production”.  This suggests that people with atopy respond differently to these exposures 
than those without atopy. 
 
Table 7.3.3: Significant associations between adult onset asthma and ‘ever’ working in an 
ASJEM exposure group, stratified by atopy 
Ever exposure cases/  
total 
OR* 95% CI 
cases/ 
total 
OR* 95% CI OR# 95% CI 
 Not atopic (n=3791) Atopic (n=1285)   
 Reference group 48/929 1.00 - 56/342 1.00 -   
Any high risk  109/1677 1.26 0.88-1.81 100/515 1.50 1.03-2.19 1.19 0.70-2.01 
Any LMW exposure 70/1043 1.40 0.94-2.09 60/324 1.55 1.01-2.38 1.11 0.62-1.98 
Any mixed 
exposure 
18/410 0.92 0.52-1.63 32/147 1.94 1.15-3.28 2.12 0.98-4.59 
HMW fish antigens 3/14 6.56 1.67-25.78 0/5 - - 0.15 0.04-0.60 
HMW flour 6/48 3.00 1.18-7.62 4/17 1.38 0.42-4.56 0.46 0.10-2.10 
HMW enzymes 5/41 2.82 1.02-7.74 3/10 2.07 0.49-8.79 0.74 0.13-4.30 
LMW reactive 
cleaning products 
34/411 1.43 0.90-2.30 31/115 2.12 1.25-3.61 1.48 0.73-3.01 
Mixed 
environments: 
textile production 
4/124 0.50 0.17-1.42 14/45 2.80 1.33-5.91 5.65 1.55-20.53 
High probability of 
exposure to ETS 
47/489 1.63 1.06-2.52 30/147 1.31 0.78-2.21 0.80 0.41-1.58 
Uncertain 82/1076 1.52 1.03-2.23 61/348 1.31 0.86-1.99 0.86 0.49-1.53 
Bold = reached conventional levels of statistical significance (p<0.05) 
* adjusted for sex, smoking, fathers social class at birth, region and childhood hayfever   
#Difference in ORs 
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When atopy was adjusted for as a confounder, the strength of the observed 
associations increased marginally (Table 7.3.4) suggesting that atopy may be a potential 
confounder.   
 
Table 7.3.4: Significant associations between adult onset asthma and ‘ever’ working in an 
ASJEM exposure group, adjusting for atopy 
Ever exposure Case/  
total n 
OR OR* OR** 95% CI 
p-
value 
 ‘unlikely exposed to asthmagens’ (reference 
group) 
104/1271 1.00 1.00 1.00 - - 
Any high risk  209/2192 1.18 1.31 1.38 1.06-1.79 0.016 
Any low risk exposure 277/3205 1.06 1.25 1.30 1.01-1.67 0.042 
Any LMW exposure 130/1367 1.18 1.40 1.49 1.11-1.98 0.007 
HMW antigenic enzymes 8/51 2.09 2.65 2.81 1.23-6.44 0.015 
HMW flour associated antigens 10/65 2.04 2.53 2.41 1.14-5.09 0.021 
LMW reactive cleaning / disinfecting products 65/526 1.58 1.60 1.67 1.18-2.36 0.004 
High probability of exposure to environmental 
tobacco smoke 
77/636 1.55 1.50 1.55 1.11-2.15 0.010 
Possible exposure to irritants gasses or fumes 150/1742 1.06 1.27 1.34 1.02-1.78 0.038 
Combustion particles/fumes: vehicle / motor 
exhaust 
84/1071 0.96 1.31 1.39 1.00-1.93 0.047 
Low antigens: May be exposed to "asthmagens" 
but low probability of enough exposure for OA 
208/2272 1.13 1.30 1.36 1.05-1.76 0.021 
Uncertain: Relevant exposures remain uncertain 
even after checking 
143/1424 1.25 1.40 1.44 1.09-1.91 0.011 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth, region and childhood hayfever 
** adjusted for sex, smoking, fathers social class at birth, region, childhood hayfever and atopy 
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Chapter 7: Relapse of childhood asthma 
Introduction: 
 In order to identify occupations and occupational exposures that were associated 
with an increased risk of a relapse of childhood asthma the full employment history from 
ages 16 to 42 was used.  This was merged with health information from ages 7, 11 or 16 as 
well as questions from ages 24, 33 and 42.  This created a different sample to that used for 
the adult onset asthma analyses.   
Aim: 
To examine whether any occupations or occupational exposures are associated with a 
relapse of childhood asthma in adult life. 
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Methods: 
This sample contained 9890 people with occupational information at ages 33 and 42 and 
health information at ages 7, 11 or 16 as well as at ages 24, 33 and 42.  People were 
excluded from this analysis if they had: 
 No childhood asthma (n=7729) 
 Asthma since age 16, reported at age 24 (n=395) 
This left a sample of 1766 individuals; in addition individuals were excluded if they had: 
 No childhood asthma information (n=32) 
 No asthma since 16 information (n=1) 
 Inconsistent dates for occupations (n=17) 
 No information on childhood hayfever (n=1) 
 No information of smoking status at age 42 (n=6) 
 After excluding these participants the sample contained 1709 people, the 
characteristics of this sample where very similar to the full employment history except for 
having a larger proportion of men (55.5% vs. 46.7%).   
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Outcome definition: 
For this analysis, a relapse of childhood asthma was defined using information from 
six surveys.  It was defined as individuals with ‘childhood asthma’ who reported (at age 24) 
that their asthma had been in remission since the age of 16, who then reported current 
asthma at age 33 or 42.   
Current asthma at age 33 was defined as: 
 reporting “ever asthma” at age 33 and  
 reporting “wheezing/whistling in the chest in past 12 months”.   
Current asthma at age 42 was defined as: 
 reporting “ever asthma” at age 42 and  
 reporting “asthma in the last 12 months”. 
Exposure definition: 
Due to limited numbers of cases exposure was only defined as ‘ever’ working in an: 
 Occupation (ISCO-88 codes) 
 Occupational group (ECRHS groups) 
 ASJEM exposure 
 Statistical method:  
 The association between the relapse of childhood asthma and exposure was 
investigated using logistic regression with adjustment for sex, smoking as reported at age 
42, father's social class at birth, area of residence at age 42 and childhood hayfever (7, 11 or 
16).  The Simes procedure was used to correct for multiple testing whenever it was possible 
to do so; and if not the Bonferroni correction was used instead. 
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Results –Occupational codes 
 Six ISCO-88 codes were positively associated with a relapse of childhood asthma 
(Table 7.4.1), most of these were based on limited numbers of cases.  After adjustment for 
confounders, ‘ever’ working as a “nursing associate professional” or as a “building 
construction labourer” was associated with an increased risk of a relapse of childhood 
asthma.  After correction for multiple testing using the Simes procedure no associations 
were significantly associated with an increased risk of a relapse of childhood asthma. 
Table 7.4.1: Significant associations between a relapse of childhood asthma and ‘ever’ 
working in an occupation 
un/employment code case/ 
total 
OR OR* OR** 95% CI 
p-
value 
reference  51/475 1.00 1.00 1.00 - - 
3231 - Nursing associate professionals 7/29 2.65 2.68 3.01 1.16-7.77 0.023 
5123 - Waiters, waitresses and 
bartenders 
23/135 1.71 1.75 1.68 0.96-2.96 0.070 
7214 - Structural-metal preparers and 
erectors 
3/11 3.12 4.20 3.84 0.87-17.06 0.077 
7232 - Aircraft engine mechanics and 
fitters 
3/8 4.99 6.35 4.45 0.96-20.74 0.057 
8263 - Sewing-machine operators 8/33 2.66 2.78 2.33 0.94-5.80 0.069 
9313 - Building construction labourers 10/53 1.93 2.42 2.39 1.06-5.38 0.035 
Bold = reached conventional levels of statistical significance (p<0.05) 
* adjusted for sex, smoking, fathers social class at birth, region and hayfever  
** adjusted for sex, smoking, fathers social class at birth, region and hayfever 
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Results - ECRHS occupational groups: 
 When exposure was defined using occupational groups (ECRHS groups), only groups 
15 (Other metal workers) and 19 (textile, leather and fur workers) were significantly 
associated with a relapse of childhood asthma.  These were not significant after correction 
for multiple testing using the Simes procedure. 
Table 7.4.2: Associations between a relapse of childhood asthma and ‘ever’ working in an 
ECRHS occupational group 
ECRHS group Case/ total OR OR* OR** 95% CI 
p-
value 
Reference group 59/537 1.00 1.00 1.00 - - 
Any high risk 96/827 1.06 1.15 1.15 0.79-1.66 0.466 
2 Cleaners and caretakers 20/179 1.02 1.05 1.03 0.59 - 1.81 0.914 
3 Hairdressers 4/37 0.98 0.99 0.93 0.31 - 2.83 0.897 
4 Nurses 11/96 1.05 0.98 1.07 0.53 - 2.18 0.854 
5 Other medical and pharmacy, excluding 
nurses  
8/124 1.12 1.15 1.22 0.65 - 2.29 0.532 
6 Agriculture and forestry 11/104 0.96 1.04 1.03 0.50 - 2.11 0.935 
7 Wood workers 11/74 1.42 1.68 1.50 0.72 - 3.16 0.283 
8 Bakery workers 6/41 1.39 1.52 1.49 0.58 - 3.83 0.412 
9 Food and tobacco processing 17/129 1.23 1.27 1.24 0.68 - 2.27 0.488 
10 Chemical and physical science technicians 2/18 - - - - - 
11 Plastics and rubber workers 3/27 - - - - - 
12 Chemical processors 1/13 - - - - - 
13 Welders and flamecutters 2/35 - - - - - 
14 Metal making and treating 5/59 0.75 0.88 0.96 0.36 - 2.62 0.942 
15 Other metal workers 32/208 1.47 1.77 1.78 1.06 - 2.99 0.031 
16 Electrical processors 16/127 1.17 1.33 1.38 0.74 - 2.59 0.311 
17 Painters 2/26 - - - - - 
18 Spray painters 2/16 - - - - - 
19 Textile, leather and fur workers 16/79 2.06 2.29 2.20 1.14 - 4.25 0.018 
20 Paper workers 1/15 - - - - - 
21 Printing workers 2/36 - - - - - 
22 Glass and ceramics workers 2/14 - - - - - 
23 Construction and mining 22/178 1.14 1.34 1.33 0.75 - 2.36 0.329 
24 Drivers 8/146 0.93 1.10 1.10 0.58 - 2.10 0.770 
25 Remainder transport and storage 10/101 0.89 0.98 0.99 0.47 - 2.09 0.975 
26 Remainder blue-collar 20/201 0.90 0.94 0.93 0.53 - 1.62 0.784 
27 Not classifiable 25/194 1.20 1.31 1.32 0.77 - 2.25 0.310 
Bold = reached conventional levels of statistical significance (p<0.05) 
* adjusted for sex, smoking, fathers social class at birth, region  
** adjusted for sex, smoking, fathers social class at birth, region and hayfever 
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Results - ASJEM exposure groups: 
The only significant association observed between a relapse of childhood asthma 
and occupational exposures was ‘ever’ working in a job with exposure to ‘mixed 
environments: textile production’.  This was consistent with the association observed using 
the occupational groups, although again, after correction for multiple testing using the 
Simes procedure this was no longer significantly associated with a relapse of childhood 
asthma. 
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Table 7.4.3: Associations between a relapse of childhood asthma and ‘ever’ working in an 
ASJEM exposure group 
Ever exposure 
Case/ 
total 
OR OR* OR** 95% CI 
p-
value 
 ‘unlikely exposed’ reference group 42/375 1.00 1.00 1.00 - - 
Any high risk 83/741 1.00 1.08 1.09 0.72 - 1.64 0.697 
Any low risk 122/1111 0.98 1.07 1.06 0.72 - 1.58 0.759 
Any HMW 44/421 0.93 0.98 1.00 0.63 - 1.58 0.983 
Any LMW 54/512 0.94 1.02 1.02 0.65 - 1.59 0.948 
Any mixed 30/213 1.30 1.45 1.41 0.83 - 2.41 0.204 
HMW animal antigens 2/67 - - - - - 
HMW fish/shellfish antigens 0/9 - - - - - 
HMW flour associated antigens 2/22 - - - - - 
HMW plant other associated antigens 8/50 1.51 1.67 1.55 0.66 - 3.67 0.316 
HMW mite and insect antigens 5/38 1.20 1.21 1.14 0.41 - 3.20 0.797 
HMW antigenic enzymes 1/20 - - - - - 
HMW latex antigens 26/225 1.04 1.08 1.14 0.67 - 1.96 0.625 
HMW bioaerosol antigens 8/100 0.69 0.76 0.74 0.32 - 1.69 0.469 
HMW pharmaceutical product antigens 0/5 - - - - - 
LMW highly reactive chemicals 24/215 1.00 1.07 1.09 0.62 - 1.90 0.765 
LMW reactive chemicals - isocyanates 7/62 1.01 1.15 1.13 0.47 - 2.76 0.784 
LMW reactive cleaning / disinfecting products 16/180 0.77 0.81 0.79 0.43 - 1.48 0.468 
LMW antigenic wood dusts 11/73 1.41 1.75 1.64 0.76 - 3.52 0.205 
LMW metal and metal fume antigens  18/169 0.95 1.09 1.07 0.57 - 1.99 0.840 
Mixed environments: metal working fluids 
exposures 
7/54 1.18 1.33 1.40 0.56 - 3.49 0.470 
Mixed environments: textile production 14/65 2.18 2.44 2.35 1.14 - 4.84 0.021 
Mixed exposures: agricultural antigens 9/102 0.77 0.84 0.82 0.37 - 1.81 0.627 
High probability of accidental peak exposure to 
irritants 
10/104 0.84 1.02 1.01 0.47 - 2.18 0.974 
Combustion particles/fumes: vehicle / motor 
exhaust  
38/405 0.82 0.93 0.95 0.58 - 1.56 0.835 
High probability of exposure to environmental 
tobacco smoke 
29/200 1.35 1.40 1.34 0.79 - 2.27 0.281 
Possible exposure to irritants gasses or fumes 69/620 0.99 1.11 1.10 0.71 - 1.69 0.673 
Low antigens: May be exposed to "asthmagens" 
but low probability of enough exposure for OA 
96/785 1.11 1.22 1.20 0.80 - 1.80 0.376 
Uncertain: Relevant exposures remain uncertain 
even after checking 
66/549 1.08 1.22 1.18 0.76 - 1.82 0.461 
Bold = reached conventional levels of statistical significance (p<0.05) 
* adjusted for sex, smoking, fathers social class at birth, region  
** adjusted for sex, smoking, fathers social class at birth, region and hayfever 
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Overall conclusions: 
Between 1974 and 2001, 42% of the cohort had ever been exposed to high risk 
asthmagenic agents at work, as defined by the ASJEM, and almost 9% of the cohort had 
developed self-reported adult onset asthma.  By age 42 'any high risk exposure' was 
significantly associated with a 40% higher risk of adult onset asthma.   Several occupations 
were associated with adult onset asthma, even though an earlier analysis up to the age 33 
had shown fewer associations.  This suggests that the period of follow-up required to 
identify these associations in population based studies needs to be longer, or individuals 
need to be followed up into middle adult life. 
 
It was often not possible to use the Simes procedure to correct for multiple testing; 
in those instances the Bonferroni correction was used.  After correction currently and ‘ever’ 
working as a “market-oriented crop and animal producer” was significantly associated with 
asthma as was ‘ever’ exposure to “LMW reactive cleaning / disinfecting products” and ‘ever’ 
working as a “Helper and cleaner in offices, hotels”.  The additional adjustment for 
childhood hayfever generally increased the strength of the observed associations, but in 
only one case did the association become significant after this adjustment. 
 
The limited and inaccurate information on the age of asthma onset did not allow for 
further analysis.   Therefore it is not possible to determine whether the exposure occurred 
before the development of asthma. 
 
Defining asthma using self-report and airway obstruction at age 45 identifies fewer 
occupations as risk factors from using asthma defined as self-report alone.  This is mostly 
due to a reduction of power due to the smaller biomedical sample and the smaller number 
of cases.   However those associations identified as significant with either definition of 
asthma increased in strength when asthma was additionally identified using airway 
obstruction.  This suggests that this definition of asthma is identifying more severe asthma 
cases or other respiratory diseases such as COPD.  This analysis confirms that people in 
previously identified “risky jobs” had an objective measure of airway obstruction by age 45. 
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 While individuals with atopy, recorded at age 45, did seem to be at a greater risk of 
developing asthma, this was generally not significant when tested formally.  However atopy 
did significantly affect individuals response from exposure to “HMW fish antigens” and 
“mixed environments: textile production”.  Atopy does appear to act as a confounder and 
should potentially be adjusted for in analyses between asthma and occupation. 
 
Due to the limited numbers of people who had had a relapse of childhood asthma 
the conclusions that can be drawn from this analysis are limited.  The most consistent 
associations were for individuals working in textile related occupations and in jobs with 
textile exposures.  There was some limited evidence that individuals who had a remission of 
their childhood asthma in adolescence had an increased risk of a relapse when working as 
an “other metal worker”, a “nursing associate professional” or as a “building construction 
labourers”. 
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Chapter 8: The employment history of people with and without 
asthma  
Introduction: 
As discussed in the introduction, people with asthma may choose (or be forced) to 
leave work that causes or aggravates their disease.  There is some evidence that this is the 
case (Le Moual et al 2008).  In addition the results of the cross-sectional analysis at age 33 
(chapter 6) provided some evidence for this.  There appeared to be a reduced risk of asthma 
for people in “high asthma risk” jobs, suggesting that individuals with asthma were leaving 
these occupations.  This was supported by the duration of employment analyses, which 
showed that individuals with asthma spent less time in “risky” jobs than those without 
asthma, perhaps because their asthma was caused or aggravated by their occupation.  If 
people with asthma are leaving these jobs this may result in reporting more unemployment 
and may make new employment more difficult to find, increasing the length of time spent in 
unemployment.  People with asthma may also be more likely to report an increase in the 
number of jobs as they are forced to change employment due to their disease (Mancuso et 
al. 2003).   
The 1958 Birth Cohort contains information on individuals’ employment histories 
from entry to the workforce.  Information of the disease status of individuals before they 
enter work allows the comparison of the employment histories of people with both 
childhood and adult onset asthma and those with no asthma.   
 
Aims: 
The aim of this chapter is to compare the employment history of those with and without 
asthma, and more specifically to compare: 
1. the lifetime prevalence of having a period of ‘unemployment'  
2. the length of time spent in unemployment 
3. the number of periods of unemployment  
4. the number of periods of employment  
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Sample 
All cohort members with a full occupational history (ages 16 to 42) and information 
on asthma at ages 7, 11, 16, 33 and 42 were included.   
Outcome definitions: 
Unemployment – was defined as a period out of economic activity, including being 
unemployed, sick/disabled and being out of the workforce for “unspecified” reasons.  The 
total number of periods of each of these activities was referred to as the total number of 
`unemployment periods' between ages 16 and 42.   
 
Employment – was defined as a period of economic activity, including working, being on a 
government training scheme, being in full time education and child/family care.  The total 
number of periods in each of these activities was referred to as the total number of `jobs' 
between ages 16 and 42. 
 
Thus the following outcomes were studied: 
 Lifetime prevalence of ever having a period of ‘unemployment' between age 16 and 
42  
 The length of time spent in `unemployment’ periods by age 42 – This was calculated 
using the start and end dates of each period of ‘unemployment’, (added across 
‘unemployment’ periods when necessary to give a total length of time in years of 
‘unemployment’ by age 42).   
 Number of `unemployment’ periods between 16 and 42  
 Number of `jobs’ between 16 and 42 
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Asthma Definitions: 
 ‘Childhood asthma’  – was considered present if at age 7, 11 or 16 cohort members’ 
parents replied positively to the question, “Has the study child ever had an attack of 
asthma or wheezy bronchitis?”.   
 Severe childhood asthma– was considered present if the child had `Current asthma at 
16' and the cohort members parent reported their child had: 
 At least twelve attacks of asthma/wheezy bronchitis in the last year (once a 
month), or 
 Had been absent from school for more than one week due to asthma or 
wheeziness in the last year, or  
 Had ever been admitted to hospital overnight for asthma/wheezy bronchitis, 
or 
 Had ever attended a hospital outpatients department for specialist opinion or 
investigation for asthma/wheezy bronchitis   
 
 Adult onset asthma – was defined by a positive response to the question “Have you 
ever had or been told you had asthma?” at age 33 or 42 excluding those with 
`Childhood asthma'.  
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Statistical method  
A priori a decision was made to analyse men and women separately due to their 
likely differing employment histories. 
The univariate association of ever being unemployed with each asthma definition 
was assessed using the χ2 test.  The difference in the total time spent in unemployment, in 
those who had ever experienced unemployment, by each asthma definition was tested 
using the non-parametric Mann-Whitney test. 
The differences in unemployment and employment in those with and without 
asthma were examined in univariate analyses, and tested with appropriate non-parametric 
methods (Mann-Whitney and Kruskal-Wallis) recognising that for some analyses asthma was 
defined as a three level outcome (no/yes, but not severe/yes, severe).  
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 Results: 
Overall the sample consisted of 9881 people with occupational information from 
ages 16 to 42 and some asthma information at ages 7, 11, 16, 33 and 42.  There was some 
variation in the numbers included in each analysis due to missing data, and variations in the 
reference group (table 8.1). 
Table 8.1:  Asthma definitions 
Asthma definition Men Women 
 Childhood asthma  (n=9847) 
yes 24.1 (1143) 19.3 (983) 
no 75.9 (3602) 80.7 (4119) 
Severe childhood asthma (n=7277)* 
yes - severe 4.7 (164) 3.0 (113) 
yes – not severe 9.5 (331) 6.5 (246) 
no 85.8 (2980) 90.6 (3443) 
Adult onset asthma (n=7683)** 
yes 6.3 (227) 10.9 (445) 
no 93.7 (3355) 89.2 (3656) 
*smaller sample due to missing information on severity 
**smaller sample due to exclusion of those with childhood asthma 
 
In the overall sample (n=9881) the median number of `unemployment periods' was 
zero for both men and women, and the median number of ‘jobs’ was five for men and six 
for women.  A description of the overall employment characteristics is given in Table 8.2. 
 
Table 8.2: Description of overall sample: 
Status by age 42 Men (n=4716) Women (n=5075) 
ever period of “unemployment” % (n) 45.9 (2188) 39.6 (2026) 
 ever been unemployed % (n) 39.1 (1863) 29.9 (1532) 
 ever been out of work due to ill health % (n) 7.1 (338) 7.2 (368) 
 ever been out of work due to unspecified reasons 8.0 (379) 8.6 (441) 
ever been a student/govt training % (n) 21.4 (1019) 21.6 (1104) 
ever been out of work due to family/childcare % (n) 1.7 (83) 63.8 (3268) 
people with more than 2 periods of “unemployment”% 11.5 5.8 
Median number of periods of “unemployment” (range)  
 Geometric mean (95% CI) 
0 (0-13) 
1.7 (1.6-1.7) 
0 (0-15) 
1.4 (1.4-1.4) 
Median number of “jobs” (range) 
Geometric mean (95% CI) 
5 (0-19) 
4.6 (4.5-4.7) 
6 (0-23) 
5.7 (5.6-5.8) 
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Ever been in a period of “unemployment” by age 42  
Table 8.3 shows the proportion of men and women who had ever been unemployed 
by asthma status.  Ever being unemployed was more common in those with childhood 
asthma and adult onset asthma, and in men more common in those with severe childhood 
asthma. However none of these differences reached conventional levels of statistical 
significance (p<0.05). 
 
Table 8.3: Lifetime prevalence of ever having a period of “unemployment” by asthma 
status  
Asthma status No Yes 
Yes and 
severe 
Test for difference 
(p value) 
Men     
Childhood asthma 45.8 46.6 - 0.603* 
Severe childhood asthma 46.0 44.8 48.7 0.797** 
Adult onset asthma 45.6 49.8 - 0.222* 
Women     
Childhood asthma 39.3 40.9 - 0.345* 
Severe childhood asthma 39.3 39.8 39.8 0.991** 
Adult onset asthma 38.8 43.2 - 0.075* 
*Mann-Whitney 
**Kruskal-Wallis test  
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Time spent in unemployment 
The length of time in unemployment (amongst those who had been unemployed) by 
asthma status is shown in Table 8.4, and Figures 8.1 & 8.2.   
 
Table 8.4: Time spent in unemployment in men and women by asthma status 
Asthma status n 
Days unemployed 
Median (IQR) 
Test for 
difference 
(p value) 
Men 
Childhood asthma No 1654 365 (153-1129) 
0.446* 
n=2184 Yes 530 365 (153-1096) 
Severe childhood asthma No 1654 365 (153-1129) 
0.336** n= 1766 Yes not severe 56 365 (168-1673) 
 Yes severe 56 245 (106-1023) 
Adult onset asthma No  1540 365 (153-1070) 
0.028* 
n= 1652 Yes 112 471 (164-2140) 
Women 
Childhood asthma No 1632 307 (124-888) 
0.009* 
n=2040 Yes 408 365 (153-1063) 
Severe childhood asthma No 1632 307 (153-888) 
0.336** n= 1700 Yes not severe 34 365 (183-1187) 
 Yes severe 34 380 (183-1125) 
Adult  onset asthma  No  1431 303 (121-811) 
0.024* 
n= 1625 Yes 194 365 (153-1417) 
*Mann-Whitney 
**Kruskal-Wallis test  
 
In men, those with adult onset asthma spent longer in unemployment than those 
without adult-onset asthma (p=0.028). Over a working life of 26 years they, on average, 
spent 106 days longer in unemployment.   In women, those with childhood asthma and 
those with adult onset asthma spent longer in unemployment than those without either 
condition. However these differences were relatively small (58 and 62 days, respectively).   
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Figure 8.1: Time spent in unemployment (years) - men 
                                   p=0.446                                                               p=0.336                                                               p=0.028 
                                     Childhood asthma                                             Severe childhood asthma                                 Adult onset asthma 
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Figure 8.2: Time spent in unemployment (years) - women 
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Number of periods of “unemployment” between 16 and 42 
Table 8.5 shows the median and range of the number of periods of “unemployment” 
between ages 16 and 42 by asthma status.    No significant differences were observed in the 
number of periods of “unemployment” of those who had asthma as compared to those 
without asthma, in men or women. 
 
Table 8.5:  Number of periods of “unemployment” by age 42 by asthma status in men and 
women 
Asthma status  n 
Unemployment periods – 
median (range) 
p-value 
Men      
Childhood asthma No 3602 0 (0-13) 
0.554* 
n=4745 Yes 1143 0 (0-8) 
Severe childhood asthma No 3602 0 (0-12) 
0.827** n=3844 Yes, not severe 125 0 (0-7) 
 Yes, severe 117 0 (0-7) 
Adult onset asthma No 3355 0 (0-12) 
0.240* 
n=3582 Yes 227 0 (0-13) 
Women     
Childhood asthma No 4119 0 (0-15) 
0.441* 
n=5102 Yes 983 0 (0-9) 
Severe childhood asthma No 4119 0 (0-15) 
0.997** n=4290 Yes, not severe 88 0 (0-8) 
 Yes, severe 83 0 (0-4) 
Adult onset asthma No 3656 0 (0-15) 
0.065* 
n=3582 Yes 445 0 (0-6) 
*Mann-Whitney test  
**Kruskal-Wallis test 
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Number of periods of “employment” between 16 and 42 
Table 8.6 shows the median and range of the number of ‘employment’ periods 
between ages 16 and 42 by asthma status.  The only statistically significant difference 
observed was an increased number of ‘jobs’ by age 42 in women with adult onset asthma.  
In order to examine whether this difference in women was due to our definition of a ‘job’ 
including a period spent in ‘child or family care’, the analysis for adult onset asthma was 
repeated redefining a ‘job’ to exclude ‘child or family care’. 
 
Table 8.6:  Number of ‘employment’ periods by age 42 by asthma status in men and 
women 
Asthma status  n 
Employment periods – 
median (range) 
p-value 
Men      
Childhood asthma No 3602 5 (0-19) 
0.511* 
n=4745 Yes 1143 5 (0-18) 
Severe childhood asthma No 3602 5 (0-19) 
0.941** n=3844 Yes, not severe 125 5 (0-16) 
 Yes, severe 117 5 (0-18) 
Adult onset asthma No 3355 5 (0-19) 
0.235* 
n=3582 Yes 227 5 (0-18) 
Women     
Childhood asthma No 4119 6 (0-21) 
0.728* 
n=5102 Yes 983 6 (0-23) 
Severe childhood asthma No 4119 6 (0-23) 
0.943** n=4290 Yes, not severe 88 6 (0-18) 
 Yes, severe 83 6 (0-19) 
Adult onset asthma No 3656 6 (0-21) 
0.002* 
n=4101 Yes 445 7 (0-20) 
‘Jobs’ excluding child/family 
care 
    
Adult onset asthma No 3656 5 (0-21) 
0.009* 
n=4101 Yes 445 6 (0-17) 
*Mann-Whitney test  
**Kruskal-Wallis test 
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Conclusions 
There was little to suggest that the employment histories of men reporting asthma 
differed from men without asthma.  The only difference observed was that men who had 
been unemployed and reported ‘adult onset asthma’ spent longer in unemployment than 
those never reporting asthma.  The time difference was statistically significant, but the 
actual extra time they spent in unemployment was, on average, just over three months over 
a working life of potentially 26 years. 
There was some evidence that asthma adversely affected women’s employment 
history.  Women reporting both ‘childhood asthma’ and ‘adult onset asthma’ had a longer 
duration of unemployment than women without asthma (the difference in both cases being 
about two months).  Women reporting ‘adult onset asthma’ also had a greater number of 
employment periods by the age of 42, which was not explained by them being more likely to 
have an employment period that was spent in ‘child or family care’. 
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Chapter 9: Allergic disease and occupation ages 16-42 years  
Introduction 
The information on full job histories for the period age 16-42 years had been coded 
to ISCO-88, the ASJEM applied and the expert evaluation step completed as detailed in 
chapter 3.  The analyses previously performed on the data from ages 16-42 were then 
repeated using information on other allergic diseases.  This chapter details two separate 
strands of analysis; the first looks at adult onset hayfever and the second at adult onset 
eczema. 
Aims of analysis: 
To assess the association of new onset adult allergic disease (hayfever or eczema) as 
reported at age 33 or 42 with occupations and occupational exposures experienced 
between the ages of 16 and 42 years. 
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Adult onset hayfever 
Sample - Adult onset hayfever: 
All cohort members with health and occupational information at age 33 and 42 were 
included except those whose mother had reported at interview that their child had had: 
 ‘ever hayfever or sneezing attacks’ at age 7 or 
  ‘hayfever or allergic rhinitis in the past 12 months’ at age 11 or  
 ‘hayfever in the last 12 months’ at age 16. 
Outcome definition - adult onset hayfever: 
For all analyses on this sample the outcome was “new onset adult hayfever”.  This 
was defined as a positive response to the question ‘have you ever suffered from hayfever’ at 
age 33 or at age 42. 
Exposure definition: 
The exposure definition was the same for the analyses of hayfever and eczema, and 
was the same as the ones used in the asthma age 16 to 42 analyses.  Briefly the exposure 
was defined by: 
 Occupation (ISCO-88 codes) 
 Occupational group (ECRHS groups) 
 ASJEM exposure 
As with asthma the analyses were: 
 cross-sectional analysis at age 42 (current occupation or exposure) 
 Longitudinal (‘ever’ and ‘always’ worked in an occupation or exposure) 
The reference groups were the same as those defined at age 33 and at age 42.  The 
same logistic regression models were used with adjustment for sex, smoking as reported at 
age 42, Father's’ social class at birth and area of residence at age 42.  The Simes procedure 
was used and when this was not possible the Bonferroni correction was used. 
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Results – Adult onset hayfever: 
 In total 14.4% of parents reported that their child had had hayfever by age 16.  After 
excluding these participants the sample contained 8390 people.  The prevalence of ‘ever 
hayfever’ at age 33 or 42 in this group of adults who had not had hayfever at ages 7, 11 or 
16 was nearly 19%.  This sample was very similar to that used in the asthma analysis and the 
socio-demographic features of the sample are shown in table 9.1.1.   
Table 9.1.1: Description of the hayfever sample at age 42  
Status at 42    Total = 8390 % (n) 
% male at age 42 47.9 (4017) 
Current employment at age 42:  
% any form of occupation 85.3 (7161) 
% permanently sick /disabled 3.5 (292) 
% home/family care 6.6 (549) 
% full-time education 0.6 (53) 
% unemployed 14.5 (1223) 
Median Number of jobs by 33 (IQR) 6 (4 to 8) 
Median Number of unemployment periods (IQR) 1 (1 to 2) 
Age left school -years:  median (IQR) 16.3 (16.3 – 17.3) 
Smoking at age 42:  
% current 25.1 (2109) 
% never smoked by 42 44.5 (3734) 
Health:  
% ever told hayfever at 33 or 42 years 18.6 (1558) 
Paternal Social Class at Birth  
Professional 4.6 (385) 
Managerial-technical 13.2 (1104) 
Skilled non-manual 9.5 (799) 
Skilled manual 48.7 (4082) 
Partly skilled 12.6 (1060) 
Unskilled 8.0 (669) 
Other / unknown 3.5 (291) 
Region at age 42  
North 6.7 (562) 
Yorkshire & Humberside 9.4 (787) 
East Midlands 7.5 (626) 
East Anglia 4.0 (333) 
South East 28.1 (2360) 
South West 9.6 (801) 
West Midlands 9.1 (763) 
North West 10.7 (899) 
Wales 5.7 (479) 
Scotland 9.3 (780) 
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Cross-sectional analysis - Hayfever: 
Results- Current ISCO-88 and unemployment codes - Hayfever: 
 In the unadjusted analyses adult onset hayfever was negatively associated with 
currently working in jobs coded as “building frame and related trades workers not classified 
elsewhere” (ISCO code 7129) and “heavy-truck and lorry drivers” (ISCO code 8324). 
 
 After adjustment only currently being unemployed due to sickness or disability (code 
5) was positively associated with hayfever, although the association with heavy-truck drivers 
(ISCO-88 code 8324) almost reached conventional levels of significance.  After correction for 
multiple testing currently being unemployed due to sickness or disability was no longer 
significantly associated with hayfever. 
 
Table 9.1.2: Current occupations significantly associated with hayfever 
Current un/employment code 
cases/total 
n 
OR OR* 95%CI 
p-
value 
Currently in reference group (all office jobs) 870/4556 1.00 1.00 - - 
5 – Sick/disabled 62/292 1.14 1.38 1.03-1.86 0.034 
7129 - building frame and related trades 
workers not classified elsewhere 
5/60 0.39 0.43 0.17-1.09 0.076 
8324 - Heavy-truck and lorry drivers 7/79 0.41 0.46 0.21-1.01 0.051 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
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 Results - Current ECRHS groups - Hayfever: 
 In the unadjusted analyses currently working in any “high risk” group was associated 
with a decreased risk of adult onset hayfever when compared to the reference group.  
Currently working as a “Driver” (group 24) or being in “Remainder blue-collar” work (group 
26) was also associated with a decreased risk of hayfever.   After adjustment only any “high 
risk” remained significantly associated with a decreased risk of adult onset hayfever.    This 
did not remain significant after correction for multiple testing using the Simes procedure.  
Table 9.1.3: Current ECRHS groups association with hayfever  
Current ECRHS group cases/total n OR OR* 95%CI p-value 
Currently in ECRHS group 1-all admin/office 
jobs (reference group) 
905/4735 1.00 1.00 - - 
Unemployed 249/1133 1.14 1.17 1.00-1.38 0.057 
“High risk “ group 216/1416 0.76 0.83 0.70-0.98 0.028 
2 Cleaners and caretakers 34/187 0.94 0.98 0.67-1.44 0.057 
3 Hairdressers 6/48 0.60 0.66 0.28-1.56 0.917 
4 Nurses 43/232 0.96 0.93 0.66-1.31 0.341 
5 Other medical and pharmacy, excluding 
nurses  
42/239 0.90 0.93 0.66-1.31 0.673 
6 Agriculture and forestry 22/119 0.96 1.02 0.63-1.63 0.681 
7 Wood workers 15/99 0.76 0.82 0.47-1.44 0.948 
8 Bakery workers 1/23 - - - - 
9 Food and tobacco processing 19/106 0.92 0.98 0.59-1.62 0.126 
10 Chemical and physical science technicians 3/7 - - - - 
11 Plastics and rubber workers 3/10 - - - - 
12 Chemical processors 1/7 - - - - 
13 Welders and flamecutters 5/25 1.06 1.30 0.48-3.49 0.866 
14 Metal making and treating 6/50 0.58 0.65 0.28-1.54 0.607 
15 Other metal workers 35/213 0.83 0.93 0.64-1.36 0.331 
16 Electrical processors 22/108 1.08 1.24 0.77-2.00 0.722 
17 Painters 9/34 1.52 1.94 0.90-4.22 0.380 
18 Spray painters 4/14 1.69 1.84 0.57-5.93 0.092 
19 Textile, leather and fur workers 9/59 0.76 0.85 0.42-1.75 0.309 
20 Paper workers 3/8 - - - - 
21 Printing workers 4/30 0.65 0.73 0.25-2.11 0.266 
22 Glass and ceramics workers 3/9 - - - - 
23 Construction and mining 31/223 0.68 0.77 0.52-1.14 0.207 
24 Drivers 27/216 0.60 0.68 0.45-1.03 0.193 
25 Remainder transport and storage 10/73 0.67 0.78 0.40-1.53 0.066 
26 Remainder blue-collar 26/199 0.64 0.70 0.46-1.07 0.468 
27 Not classifiable 28/178 0.79 0.84 0.56-1.28 0.100 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
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Results - Current ASJEM exposures - Hayfever: 
 The statistically associations observed between current ASJEM exposure and new 
adult onset hayfever are given in table 9.1.4.   In unadjusted analyses, currently working in a 
job with any risk or any ‘low risk’ exposure was significantly associated with a decreased risk 
of hayfever (working in any ‘high risk’ exposure was not).  After adjustment these 
associations were no longer significant.  Currently working in a job with exposure to 
combustion fumes was associated with a decreased risk of hayfever in both unadjusted and 
adjusted analyses.  Currently being unemployed was associated with an increased risk of 
hayfever after adjustment for confounding but not after correction for multiple testing. 
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Table 9.1.4: Current ASJEM exposures association with hayfever 
Current exposure 
cases/ 
total n 
OR OR* 95%CI p-value 
Currently working in a job ‘unlikely exposed to 
asthmagens’ reference group 
802/4210 1.00 1.00 - - 
Currently unemployed 240/1133 1.14 1.18 1.00-1.40 0.046 
Any risk  470/2768 0.87 0.94 0.83-1.07 0.378 
Any high risk 199/1134 0.90 0.95 0.80-1.13 0.579 
Any low risk 339/2065 0.84 0.92 0.80-1.06 0.240 
Any HMW 122/696 0.90 0.91 0.74 - 1.13 0.404 
Any LMW 91/537 0.87 0.95 0.75 - 1.21 0.702 
Any mixed 34/195 0.90 0.98 0.67 - 1.43 0.900 
HMW animal antigens 5/48 0.49 0.51 0.20 - 1.30 0.158 
HMW fish/shellfish antigens 1/8 - - - - 
HMW flour associated antigens 1/21 - - - - 
HMW plant other associated antigens 11/56 1.04 1.09 0.56 - 2.13 0.798 
HMW mite and insect antigens 9/47 1.01 1.06 0.51 - 2.23 0.871 
HMW antigenic enzymes 1/81 - - - - 
HMW latex antigens 92/488 0.99 0.98 0.77 - 1.25 0.865 
HMW bioaerosol antigens 6/58 0.49 0.53 0.23 - 1.25 0.147 
HMW pharmaceutical product antigens 0/2 - - - - 
LMW highly reactive chemicals 34/179 1.00 1.11 0.76 - 1.63 0.589 
LMW reactive chemicals - isocyanates 9/37 1.37 1.57 0.73 - 3.37 0.245 
LMW reactive cleaning / disinfecting products 26/162 0.81 0.87 0.56 - 1.33 0.509 
LMW antigenic wood dusts 17/99 0.88 0.96 0.56 - 1.64 0.879 
LMW metal and metal fume antigens  19/139 0.67 0.75 0.46 - 1.23 0.258 
Mixed environments: metal working fluids 
exposures 
4/32 0.61 0.66 0.23 - 1.90 0.443 
Mixed environments: textile production 8/40 1.06 1.21 0.55 - 2.67 0.629 
Mixed exposures: agricultural antigens 22/123 0.93 0.99 0.62 - 1.59 0.965 
High probability of accidental peak exposure to 
irritants 
17/94 0.94 1.11 0.65 - 1.91 0.693 
Combustion particles/fumes: vehicle / motor 
exhaust  
80/589 0.67 0.76 0.59-0.98 0.034 
High probability of exposure to environmental 
tobacco smoke 
27/145 0.97 1.05 0.69 - 1.62 0.815 
Possible exposure to irritants gasses or fumes 143/801 0.92 1.01 0.83 - 1.23 0.940 
Low antigens: May be exposed to "asthmagens" 
but low probability of enough exposure for OA 
119/688 0.88 0.96 0.80 - 1.15 0.634 
Uncertain: Relevant exposures remain 
uncertain even after checking 
118/1010 0.89 0.94 0.76 - 1.17 0.584 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
 
  
  
  
282 Chapter 9: Allergic disease and occupation ages 16-42 years 
Longitudinal analyses - Hayfever: 
For these analyses exposure was defined as ‘ever’ or ‘always’ working in an 
occupation, occupational group or occupational exposure by the age of 42.  The reference 
groups are all people who had only ever worked in an unexposed occupation.  The analyses 
used the same logistic regression with adjustment for confounders as the cross-sectional 
analyses.  
Results – ‘ever’ worked in an occupation - Hayfever:  
 Adult onset hayfever was associated with ‘ever’ having worked in several 
occupational codes (table 9.1.5).  In the unadjusted analyses there was a substantially 
decreased risk of hayfever for 23 codes and one increased risk (for ‘ever’ having worked as a 
doctor).  In the adjusted analyses the majority of these associations were of a similar 
strength but most were no longer significantly associated with hayfever.  ‘Ever’ having 
worked as a doctor remained associated with an increased risk of hayfever, as did working 
as a waiter or hairdresser.   ‘Ever’ having worked as a “mechanical-machinery assembler” or 
as a “freight handler” remained associated with a reduced risk of hayfever.  After correction 
for multiple testing using the Simes procedure none of the associations observed remained 
significant. 
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Table 9.1.5: ‘ever’ working in occupations significantly associated with hayfever 
Un/employment code 
cases/ 
total n 
OR OR* 95% CI p-value 
Always in reference group (all office jobs) 481/2400 1.00 1.00 - - 
110 - Army 23/171 0.62 0.79 0.50-1.24 0.301 
1315 - General managers of restaurants and 
hotels 
39/275 0.66 0.73 0.51-1.05 0.086 
2221 - Medical doctors 16/49 1.93 1.90 1.09-3.50 0.041 
5123 - Waiters, waitresses & bartenders 165/758 1.11 1.24 1.01-1.53 0.038 
5141 - Hairdressers, barbers, beauticians & related 
workers 
61/247 1.31 1.38 1.01-1.88 0.043 
7124 - Carpenters and joiners 43/296 0.68 0.85 0.60-1.20 0.348 
7129 - building frame and related trades workers 
NEC 
24/189 0.58 0.74 0.47-1.16 0.185 
7136 - Plumbers and pipe fitters 16/132 0.55 0.69 0.40-1.18 0.169 
7142 - Varnishers and related painters 6/71 0.37 0.46 0.20-1.06 0.069 
7213 - Sheet-metal workers 7/76 0.41 0.52 0.23-1.14 0.100 
7223 - Machine-tool setters and setter-operator 13/117 0.50 0.61 0.34-1.11 0.105 
7231 - Motor vehicle mechanics and fitters 33/264 0.57 0.72 0.49-1.06 0.092 
7411 - Butchers, fishmongers and related food 
preparers 
11/95 0.52 0.65 0.34-1.23 0.186 
8211 - Machine-tool operators 8/86 0.41 0.52 0.25-1.08 0.080 
8232 - Plastic-products machine operators  8/78 0.46 0.57 0.27-1.19 0.135 
8281 - Mechanical-machinery assemblers 5/66 0.33 0.39 0.16-0.98 0.046 
8284 - Metal-, rubber- and plastic-products 
assemblers 
5/57 0.38 0.43 0.17-1.08 0.074 
8322 - Car, taxi and van drivers 56/390 0.67 0.83 0.61-1.13 0.229 
8324 - Heavy-truck and lorry drivers 26/223 0.53 0.66 0.43-1.01 0.056 
8334 - Lifting-truck operators 11/104 0.47 0.63 0.33-1.19 0.151 
9211 - Farm-hands and labourers 11/113 0.43 0.54 0.28-1.01 0.055 
9300 - Labourers  25/197 0.58 0.77 0.49-1.20 0.243 
9312 - Construction and maintenance labourers 10/97 0.46 0.62 0.32-1.21 0.160 
9313 - Building construction labourers 36/255 0.66 0.90 0.61-1.31 0.567 
9322 - Manufacturing labourers 25/193 0.59 0.66 0.43-1.02 0.063 
9333 - Freight handlers 18/180 0.44 0.55 0.33-0.91 0.020 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
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Results - ‘ever’ worked in an ECRHS occupational group - Hayfever: 
In unadjusted analysis adult onset hayfever was negatively associated with ‘ever’ 
having worked in nine occupational groups as well as ‘ever’ having worked in any “high risk” 
occupational group.  ‘ever’ having worked as an “other metal worker”, in “construction and 
mining” and as a “driver” remained associated with a decreased risk of hayfever after 
adjustment while ‘ever’ having worked as a hairdresser was associated with an increased 
risk.  After correction for multiple testing using the Simes procedure none of the 
associations observed were significant. 
Table 9.1.6: ‘Ever’ working in ECRHS groups association with hayfever 
ECRHS group cases/total n OR OR* 95% CI p-value 
Always worked in ECRHS group 1 -reference 
group 
548/2728 1.00 1.00 - - 
Any ECRHS high risk groups 696/4037 0.83 0.96 0.85-1.10 0.582 
2 Cleaners and caretakers 157/903 0.84 0.92 0.76-1.13 0.442 
3 Hairdressers 61/247 1.31 1.38 1.01-1.88 0.044 
4 Nurses 130/590 1.12 1.13 0.91-1.41 0.278 
5 Other medical and pharmacy, excluding nurses
  
133/679 0.97 1.03 0.83-1.28 0.770 
6 Agriculture and forestry 83/481 0.83 0.97 0.75-1.26 0.829 
7 Wood workers  43/304 0.66 0.81 0.58-1.15 0.244 
8 Bakery workers 39/194 1.00 1.19 0.82-1.72 0.353 
9 Food and tobacco processing 125/677 0.90 1.04 0.83-1.30 0.728 
10 Chemical and physical science technicians 13/70 0.91 0.99 0.54-1.84 0.984 
11 Plastics and rubber workers 10/103 0.43 0.54 0.28-1.05 0.067 
12 Chemical processors 6/55 0.49 0.61 0.26-1.44 0.258 
13 Welders and flamecutters 22/137 0.76 1.08 0.67-1.73 0.762 
14 Metal making and treating 27/231 0.53 0.69 0.45-1.06 0.087 
15 Other metal workers 126/917 0.63 0.77 0.62-0.97 0.024 
16 Electrical processors 93/517 0.87 1.06 0.82-1.36 0.669 
17 Painters 26/130 1.00 1.32 0.84-2.06 0.232 
18 Spray painters 6/71 0.37 0.45 0.19-1.06 0.068 
19 Textile, leather and fur workers 80/387 1.04 1.24 0.95-1.63 0.119 
20 Paper workers 10/75 0.61 0.71 0.36-1.39 0.318 
21 Printing workers 37/156 1.24 1.44 0.98-2.12 0.064 
22 Glass and ceramics workers 10/73 0.63 0.84 0.42-1.65 0.606 
23 Construction and mining 111/843 0.60 0.77 0.60-0.97 0.028 
24 Drivers 93/702 0.61 0.75 0.59-0.96 0.023 
25 Remainder transport and storage 66/438 0.71 0.86 0.64-1.14 0.292 
26 Remainder blue-collar 163/1056 0.73 0.85 0.70-1.04 0.112 
27 Not classifiable 160/880 0.88 1.05 0.85-1.28 0.665 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
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Results - ‘ever’ worked in an occupation with an ASJEM exposure - Hayfever: 
Associations between adult onset hayfever and ‘ever’ working in some of the ASJEM 
exposure groups is displayed in Table9.1.7.  In the unadjusted analysis, 11 specific exposures 
were associated with a decreased risk of adult onset hayfever.  Following adjustment, four 
of these negative associations remained significant while “mixed environments: textile 
production” came very close to being significantly associated with an increased risk of 
hayfever.  None were significant following correction for multiple testing using the Simes 
procedure, although the negative associations with exposure to HMW bioaerosols came 
close to significance (shown in figure 9.1).  
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Table 9.1.7: ‘Ever’ working in ASJEM exposure association with hayfever 
Ever exposure 
cases/ 
total n 
OR OR* 95% CI p-value 
Always worked in a job that is ‘unlikely exposed to 
asthmagens’ reference group 
405/1999 1.00 1.00 - - 
Any high risk 667/3670 0.87 0.99 0.86-1.14 0.849 
Any low risk exposure 929/5353 0.83 0.94 0.82-1.08 0.405 
Any HMW 416/2185 0.93 1.01 0.86-1.18 0.930 
Any LMW exposure 390/2345 0.79 0.92 0.78-1.08 0.286 
Any mixed 168/966 0.83 0.98 0.80-1.20 0.841 
HMW animal antigen  41/285 0.66 0.75 0.53-1.07 0.113 
HMW fish/shellfish antigens 8/32 1.31 1.45 0.64-3.29 0.372 
HMW flour associated antigens 22/131 0.79 0.98 0.61-1.57 0.926 
HMW plant other associated antigens 46/256 0.86 1.03 0.73-1.45 0.875 
HMW mite and insect antigens 55/279 0.97 1.00 0.72-1.37 0.985 
HMW antigenic enzymes 17/106 0.75 0.92 0.54-1.57 0.752 
HMW latex antigens 267/1289 1.03 1.07 0.90-1.27 0.470 
HMW bioaerosol antigens 44/382 0.51 0.63 0.45-0.88 0.008 
HMW pharmaceutical product antigens 2/10 - - - - 
LMW highly reactive chemicals 173/964 0.86 0.99 0.81-1.21 0.910 
LMW reactive chemicals-isocyanates 26/234 0.49 0.62 0.40-0.95 0.028 
LMW reactive cleaning / disinfecting products 149/890 0.79 0.87 0.71-1.08 0.210 
LMW antigenic wood dusts 49/312 0.73 0.92 0.66-1.28 0.602 
LMW metal and metal fume antigens 102/738 0.63 0.79 0.61-1.01 0.056 
Mixed environments: metal working fluids 
exposures 
27/232 0.52 0.64 0.42-0.97 0.036 
Mixed environments: textile production 70/314 1.13 1.34 1.00-1.81 0.051 
Mixed environments: agricultural antigens 75/466 0.76 0.88 0.67-1.16 0.361 
High probability of accidental peak exposure to 
irritants 
58/415 0.64 0.86 0.63-1.16 0.315 
Combustion particles/fumes: vehicle / motor 
exhaust 
267/1820 0.68 0.80 0.67-0.96 0.018 
High probability of exposure to environmental 
tobacco smoke 
218/1081 0.99 1.11 0.92-1.35 0.267 
Possible exposure to irritants gasses or fumes 494/2961 0.79 0.92 0.79-1.07 0.274 
Low antigens: May be exposed to "asthmagens" but 
low probability of enough exposure for OA 
692/3804 0.88 1.00 0.87-1.15 0.959 
Uncertain: Relevant exposures remain uncertain 
even after checking 
449/2503 0.86 0.98 0.84-1.14 0.796 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
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Figure 9.1: ‘ever’ working in ASJEM exposure significantly associated with hayfever 
corrected  for multiple testing using the Simes procedure 
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Results - ‘always’ worked in an occupation - Hayfever: 
The number of people who had always worked in the same occupation from ages 16 
to 42 was very small.  Thirty two occupational codes had any hayfever cases and only three 
of these had more than five cases.  In the unadjusted analysis there was little evidence that 
‘always’ having worked in any occupation was associated with adult onset hayfever.  In the 
adjusted analysis ‘always’ having worked as a “painter and related worker” (ISCO-88 code 
7141) was associated with an increased risk of hayfever (OR 3.82 95% CI 1.06-13.81), 
although this was based on only four cases. 
Results - ‘always’ worked in an occupational group - Hayfever: 
Defining exposure as always having worked in an ECRHS group gave very small 
numbers for each group; with only nine of the groups having five or more cases of hayfever.  
As seen for the analysis with occupations, the only significant association observed was for 
always working as ECRHS group17-painters (OR 3.81, 95% CI 1.06-13.75), again based on 
only four cases.   No correction for multiple testing needed to be performed due to the 
limited number of groups available for analysis 
 
 
Results - ‘always’ worked in an ASJEM exposure - Hayfever: 
The numbers of people that had always worked in each ASJEM exposure were very 
small, 13 exposure groups had one or more cases of hayfever and only seven had five or 
more.  No significant associations were observed between ASJEM exposures and adult onset 
hayfever. 
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Summary –Hayfever 
In this cross-sectional analysis, adult onset hayfever was negatively associated with 
some occupations, occupational groups and exposures.  In all three unadjusted analyses 
those who were drivers (or exposed to combustion fumes/vehicle exhaust) showed a lower 
risk of hayfever.  However after adjustment for confounders only “combustion fumes” 
remained significantly associated with asthma.  Currently being unemployed was associated 
with an increased risk of hayfever in two of the analyses.  None of the associations remained 
significant after correction for multiple testing using the Simes procedure. 
In the longitudinal analyses a wide range of occupations and exposures were seen to 
be associated with adult onset hayfever.  Most of the observed associations were negative, 
and only exposure to HMW bioaerosol antigens (associated with farming, rubbish collection 
and tool setting occupations) remained close to significance after correction for multiple 
testing with the Simes procedure.   
When defining exposure by occupation (ISCO-88 codes), ‘ever’ having worked as a 
“mechanical-machinery assembler” was associated with a decreased risk of hayfever.  This 
was also seen in the occupational group analyses where ‘ever’ having worked as an “other 
metal worker” was also negatively associated with hayfever.  Using the ASJEM, an 
equivalent strength negative association was seen between hayfever and ‘ever’ working in a 
job with exposure to “mixed environments: metal working fluids exposures”.  ‘ever’ working 
as a driver or in an occupation with exposure to combustion fumes was associated with a 
decreased risk of hayfever in the longitudinal analyses, this is consistent with the protective 
effect observed for these occupations in the cross-sectional analyses.   
The only positive associations observed were for “currently” being unemployed, 
‘ever’ working as a doctor, a hairdresser, as a waiter (‘ever’ working as a hairdresser and as 
a waiter were also associated with an increased risk of asthma) and for ‘always’ working as 
a painter.  The significant association observed for ‘always’ working as a painter was seen in 
both the occupation and occupational group analysis.   However the numbers available in 
the ‘always’ analysis were limited and most of the jobs and exposures could not be 
analysed.   
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Adult onset eczema 
Sample - Adult onset eczema: 
All cohort members with health and occupational information at age 33 and 42 were 
included except those whose mother had reported at interview that their child had had: 
 ‘a history of eczema in 1st year’ or 
  ‘a history of eczema after 1st year’ at age 7 or  
 ‘in the past year, any eczematous rashes’ at age 11 or  
 ‘an eczematous rash in the last 12 months’ at age 16. 
Outcome definition - adult onset eczema: 
For all analyses on this sample the outcome was “new onset adult eczema”.  This 
was defined as either a positive response to the question ‘have you ever suffered 
eczema/other skin problem?’ at age 33 or ‘have you ever suffered eczema?’ at age 42. 
Exposure definition: 
The exposure definition and statistical method was the same as was used in the 
hayfever and asthma analyses.    
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Results – Adult onset eczema 
 Of the cohort members whose carer completed any of the questions on childhood 
eczema 9.7% parents reported that their child ever had eczema during childhood.  After 
excluding these participants the sample contained 8821 people.  Table 9.2.1 shows the 
socio-demographic features of those included in this analysis, these were very similar to the 
samples for the asthma and hayfever analyses.  There were slightly more men in this 
analysis but occupation/employment and demographic figures were almost the same.  The 
prevalence of ‘ever eczema’ at age 33 or 42 in this group of adults who had not had eczema 
at ages 7, 11 or 16 was nearly 19%. 
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Table 9.2.1: Description of the sample at age 42 - Eczema: 
 
 
Status at 42    Total = 8821 % (n) 
% male at age 42 48.6 (4288) 
Current employment at age 42:  
% any form of occupation 86.7 (7639) 
% permanently sick /disabled 3.6 (315) 
% home/family care 6.2 (547) 
% full-time education 0.7 (58) 
% unemployed 13.3 (1176) 
Median Number of jobs by 33 (IQR) 6 (4 to 8) 
Median Number of unemployment periods (IQR) 1 (1 to 2) 
Age left school -years:  median (IQR) 16.3 (16.3 – 17.3) 
Smoking at age 42  
% current 24.5 (2158) 
% never smoked by 42 45.5 (4009) 
Health:  
% ever told eczema at 33 or 42 years 18.8 (1654) 
Paternal Social Class at Birth  
Professional 4.7 (417) 
Managerial-technical 13.6 (1201) 
Skilled non-manual 9.9 (877) 
Skilled manual 48.0 (4232) 
Partly skilled 12.5 (1101) 
Unskilled 7.8 (690) 
Other / unknown 3.4 (303) 
Region at 42  
North 6.6 (578) 
Yorkshire & Humberside 9.0 (794) 
East Midlands 7.3 (640) 
East Anglia 3.8 (335) 
South East 28.9 (2552) 
South West 9.7 (853) 
West Midlands 9.0 (794) 
North West 10.8 (954) 
Wales 5.7 (500) 
Scotland 9.3 (821) 
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Cross-sectional analysis - Eczema: 
Results- Current ISCO-88 and unemployment codes 
 The current ISCO-88 code and unemployment code was used to define exposure.  
One hundred and two ISCO-88 codes and six unemployment codes had any cases of eczema.   
Only 34 had five or more eczema cases and no significant associations between current 
(un)employment codes and adult onset eczema were observed. 
Results - Current ECRHS groups: 
 In the unadjusted analyses currently working in ‘any high risk group’ was associated 
with a decreased risk of adult onset eczema, as was work in “construction and mining” 
(groups 23), “remainder transport and storage” (group 25) and “remainder blue-collar” 
(group 26).   In the adjusted analysis only currently working in ‘any high risk group’ remained 
significantly associated with a decreased risk of new adult onset eczema.    After correction 
for multiple testing using the Simes procedure currently working in “any high risk group” 
was not significantly associated with adult onset eczema.    
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Table 9.2.2: Current ECRHS groups association with eczema  
Current ECRHS group 
cases/total 
n 
OR OR* 95%CI 
p-
value 
Currently in ECRHS group 1- (reference group) 971/5031 1.00 1.00 - - 
Currently unemployed 252/1176 1.14 1.06 0.91-1.25 0.451 
Currently in any ECRHS high risk groups 231/1466 0.78 0.83 0.71-0.97 0.022 
2 Cleaners and caretakers 33/195 0.85 0.81 0.55-1.19 0.282 
3 Hairdressers 14/46 1.83 1.66 0.88-3.14 0.120 
4 Nurses 51/237 1.15 1.03 0.75-1.42 0.841 
5 Other medical and pharmacy, excluding 
nurses  
47/241 1.01 0.95 0.68-1.32 0.748 
6 Agriculture and forestry 21/119 0.90 0.95 0.59-1.55 0.851 
7 Wood workers  14/109 0.62 0.71 0.40-1.25 0.237 
8 Bakery workers 3/24 - - - - 
9 Food and tobacco processing 18/113 0.79 0.79 0.47-1.31 0.358 
10 Chemical and physical science technicians 1/8 - - - - 
11 Plastics and rubber workers 1/12 - - - - 
12 Chemical processors 0 - - - - 
13 Welders and flamecutters 5/26 1.00 1.12 0.42-2.99 0.821 
14 Metal making and treating 5/55 0.42 0.48 0.19-1.20 0.115 
15 Other metal workers 35/224 0.77 0.90 0.62-1.30 0.564 
16 Electrical processors 18/116 0.77 0.86 0.52-1.44 0.573 
17 Painters 3/34 - - - - 
18 Spray painters 3/14 - - - - 
19 Textile, leather and fur workers 8/61 0.63 0.61 0.29-1.29 0.198 
20 Paper workers 2/10 - - - - 
21 Printing workers 8/32 1.39 1.62 0.72-3.63 0.243 
22 Glass and ceramics workers 3/9 - - - - 
23 Construction and mining 32/231 0.67 0.78 0.53-1.14 0.202 
24 Drivers 37/230 0.80 0.88 0.61-1.26 0.484 
25 Remainder transport and storage 6/70 0.39 0.43 0.19-1.01 0.052 
26 Remainder blue-collar 27/203 0.64 0.68 0.45-1.03 0.066 
27 Not classifiable 36/181 1.04 1.09 0.75-1.59 0.636 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
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Results - Current ASJEM exposures – Eczema: 
The significant associations between adult onset eczema and currently working in an 
occupation with an ASJEM defined exposures are shown in Table 9.2.3.  In the unadjusted 
analysis significant decreased risks were observed for currently working in four exposure 
groups.  After adjustment for confounding only currently working in a job where the 
exposures were ‘uncertain’ was associated with adult onset eczema; this was not significant 
after correction for multiple testing using the Simes procedure. 
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Table 9.2.3: Current ASJEM exposures association with eczema  
Current exposure cases/total n OR OR* 95%CI 
p-
value 
Currently working in a job ‘unlikely exposed to 
asthmagens’ reference group 
861/4487 1.00 1.00 - - 
Unemployed 252/1176 1.15 1.08 0.92-1.27 0.369 
Any risk high or low  203/1150 0.87 0.92 0.81-1.04 0.194 
Any high risk 667/3670 0.87 0.99 0.86-1.14 0.849 
Any low risk 358/2165 0.83 0.91 0.79-1.05 0.186 
Any HMW 134/698 1.00 0.96 0.78-1.18 0.695 
Any LMW  88/550 0.80 0.88 0.69-1.12 0.280 
Any mixed 30/196 0.76 0.81 0.54-1.21 0.299 
HMW animal antigen  6/47 0.62 0.65 0.27-1.55 0.332 
HMW fish/shellfish antigens 2/7 - - - - 
HMW flour associated antigens 2/22 - - - - 
HMW plant other associated antigens 13/54 1.34 1.39 0.74-2.61 0.312 
HMW mite and insect antigens 7/45 0.78 0.71 0.31-1.60 0.409 
HMW antigenic enzymes 2/19 - - - - 
HMW latex antigens 100/493 1.07 1.00 0.79-1.26 0.986 
HMW bioaerosol antigens 8/57 0.69 0.78 0.37-1.66 0.518 
HMW pharmaceutical product antigens 0/2 - - - - 
LMW highly reactive chemicals 34/175 1.02 1.10 0.75-1.61 0.646 
LMW reactive chemicals-Isocyanates 2/38 - - - - 
LMW reactive cleaning / disinfecting products 24/161 0.74 0.74 0.48-1.15 0.184 
LMW antigenic wood dusts 14/109 0.62 0.74 0.42-1.31 0.307 
LMW metal and metal fume antigens 20/149 0.65 0.74 0.46-1.20 0.222 
Mixed environments: metal working fluids exposures 4/34 0.56 0.64 0.22-1.82 0.401 
Mixed environments: textile production 5/41 0.59 0.56 0.22-1.44 0.229 
Mixed environments: agricultural antigens 21/121 0.88 0.96 0.59-1.55 0.868 
High probability of accidental peak exposure to 
irritants 
12/98 0.59 0.70 0.38-1.29 0.252 
Combustion particles/fumes 90/616 0.72 0.82 0.64-1.04 0.104 
High probability of exposure to environmental 
tobacco smoke 
27/160 0.86 0.85 0.55-1.29 0.437 
Possible exposure to irritants gasses or fumes 139/846 0.83 0.90 0.74-1.10 0.302 
Low antigens: May be exposed to "asthmagens" but 
low probability of enough exposure for OA 
180/1064 0.86 0.92 0.77-1.10 0.358 
Uncertain: Relevant exposures remain uncertain  252/1176 0.82 0.80 0.65-0.99 0.045 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
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Longitudinal analyses - Eczema 
For these analyses using adult onset eczema as the outcome the exposure was 
defined as ‘ever’ or ‘always’ working in an occupation, occupational group or occupational 
exposure by the age of 42.   
Results – ‘Ever’ worked in an occupation - Eczema 
 ‘Ever’ working in a wide range of ISCO-88 codes were associated with adult onset 
eczema by age 42; these are given in table 9.2.4.  In the unadjusted analyses six ISCO-88 
codes were positively associated with adult onset eczema and seven were negatively 
associated.  After adjustment the strength and direction of these associations remained 
broadly similar with four associations (nurses, heavy-truck and lorry drivers, helpers and 
cleaners in offices and building construction labourers) becoming non-significant, and others 
(plumbers and pipe fitters and transport labourers and freight handlers) reaching 
significance.   
 
 Of note, ‘ever’ working as a waiter or a hairdresser was associated with an increased 
risk of eczema (occupations previously observed to be risk factors for asthma and hayfever).  
There was some suggestion that some cleaning occupations (housekeepers – 5121 and 
“helpers and cleaners” – 9132) were associated with an increased risk of eczema as they 
were for asthma.   After correction for multiple testing using the Simes procedure, ‘ever’ 
working in ISCO-88 code 8251 – Printing-machines operators came close to being 
significantly associated with an increased risk of eczema (figure 9.2).   
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Table 9.2.4: ‘Ever’ worked in an occupation significantly associated with eczema 
Ever un/employment code cases/ 
total n 
OR OR* 95% CI 
p-
value 
Only worked  in reference group (all office jobs) 486/2576 1.00 1.00 - - 
2230 - Nurses 106/460 1.29 1.16 0.91-1.47 0.239 
3226 - Physiotherapists 9/20 3.52 3.30 1.35-8.07 0.009 
3228 - Pharmaceutical assistants 3/45 0.31 0.29 0.09-0.95 0.040 
5121 - Housekeepers and related workers 23/66 2.30 2.05 1.22-3.45 0.007 
5123 - Waiters, waitresses & bartenders 186/798 1.31 1.23 1.01-1.50 0.040 
5141 - Hairdressers, barbers, beauticians & related 
workers 
67/240 1.67 1.47 1.09-2.00 0.013 
7133 - Plasterers 2/52 0.17 0.22 0.05-0.89 0.034 
7136 - Plumbers and pipe fitters 30/137 1.21 1.55 1.01-2.38 0.044 
7231 - Motor vehicle mechanics and fitters 30/275 0.53 0.67 0.45-0.99 0.049 
7344 - Photographic and related worker 10/30 2.15 2.32 1.07-5.02 0.033 
8251 - Printing-machine operators 20/63 2.00 2.36 1.36-4.07 0.002 
8324 - Heavy-truck and lorry drivers 30/230 0.65 0.78 0.52-1.17 0.229 
9113 - Door-to-door and telephone salespersons 14/134 0.50 0.53 0.30-0.93 0.027 
9132 - Helpers and cleaners in offices, hotels and 
other establishments 
140/624 1.24 1.16 0.93-1.44 0.189 
9300 - Transport labourers and freight handler 41/197 1.13 1.53 1.05-2.21 0.025 
9313 - Building construction labourers 35/265 0.65 0.85 0.58-1.24 0.390 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
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Figure 9.2: ‘ever’ worked in an occupation significantly associated with eczema corrected  
for multiple testing using the Simes procedure
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Results - ‘Ever’ worked in an ECRHS occupational group - Eczema: 
When defining exposure as an occupational group (ECRHS group) seven were 
observed to be significantly associated with adult onset eczema.  In the unadjusted analyses 
there was a significantly decreased risk of eczema for five ECRHS groups; two of these were 
the same manual groups (ECRHS groups 23 & 25) as observed in the cross-sectional analysis.  
A significantly increased risk of eczema was seen for ‘ever’ working in a hairdressing or 
printing job (ECRHS groups 3 & 21) in both unadjusted and adjusted analysis.  These 
associations were seen when exposure had been defined by occupation (ISCO codes).    
Neither of these associations were significant after correction for multiple testing using the 
Simes procedure (figure 9.3), although “printing workers” (ECRHS group 21) (as with the 
ISCO code analysis) came very close to being significant. 
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Table 9.2.5: ‘Ever’ worked in ECRHS groups association with eczema 
ECRHS groups cases/total n OR OR* 95% CI p-value 
Only worked in ECRHS group 1- reference group 563/2934 1.00 1.00 - - 
Any ECRHS high risk groups 751/4190 0.92 1.00 0.88-1.14 0.951 
2 Cleaners and caretakers 196/937 1.11 1.06 0.88-1.28 0.528 
3 Hairdressers 67/240 1.63 1.45 1.07-1.96 0.015 
4 Nurses 133/599 1.20 1.09 0.88-1.35 0.440 
5 Other medical and pharmacy, excluding 
nurses  
151/703 1.15 1.07 0.87-1.32 0.502 
6 Agriculture and forestry 91/494 0.95 1.06 0.82-1.36 0.657 
7 Wood workers  53/330 0.81 1.03 0.75-1.42 0.858 
8 Bakery workers 36/196 0.95 0.97 0.66-1.41 0.853 
9 Food and tobacco processing 135/702 1.00 1.02 0.82-1.26 0.866 
10 Chemical and physical science technicians 15/74 1.07 1.18 0.66-2.10 0.581 
11 Plastics and rubber workers 12/103 0.56 0.64 0.35-1.19 0.156 
12 Chemical processors 13/57 1.24 1.49 0.79-2.81 0.218 
13 Welders and flamecutters 22/144 0.76 0.97 0.60-1.56 0.898 
14 Metal making and treating 27/231 0.56 0.71 0.47-1.08 0.110 
15 Other metal workers 145/967 0.74 0.92 0.75-1.14 0.465 
16 Electrical processors 92/527 0.89 1.08 0.84-1.38 0.569 
17 Painters 21/132 0.80 0.99 0.61-1.61 0.974 
18 Spray painters 11/78 0.69 0.84 0.44-1.61 0.593 
19 Textile, leather and fur workers 70/389 0.92 0.91 0.69-1.20 0.505 
20 Paper workers 14/76 0.95 0.97 0.54-1.76 0.929 
21 Printing workers 42/165 1.44 1.64 1.14-2.37 0.008 
22 Glass and ceramics workers 12/71 0.86 1.01 0.54-1.91 0.976 
23 Construction and mining 126/875 0.71 0.90 0.71-1.13 0.344 
24 Drivers 103/734 0.69 0.82 0.65-1.04 0.108 
25 Remainder transport and storage 66/454 0.72 0.86 0.64-1.14 0.280 
26 Remainder blue-collar 197/1093 0.93 0.99 0.82-1.20 0.940 
27 Not classifiable 175/878 1.05 1.20 0.99-1.46 0.068 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
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 Figure 9.3: ‘ever’ worked in ECRHS groups significantly associated with eczema corrected 
for multiple testing using the Simes procedure 
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Results - ‘Ever’ worked in an occupation with an ASJEM exposure - Eczema: 
The significant associations between adult onset eczema and ‘ever’ working in an 
occupation with an ASJEM exposure are given in table 9.2.6.  In the unadjusted analyses 
four exposures were significantly associated with a decreased risk of adult onset eczema, 
and one (exposure to ETS) with an increased risk.   Environmental tobacco smoke exposure 
is assigned to people working as a waiter, which is an occupation that was associated with 
an increased risk of eczema in the previous analyses.   
 
The significant negative associations observed were for exposures that are related to 
the occupations and occupational groups identified in the previous analyses.  Drivers and 
transport workers were identified as negatively associated with eczema using the ECRHS 
groups, their associated exposure, and “combustion fumes” were also negatively associated 
with eczema in this analysis.   Two groups of metal working were associated with a 
decreased risk of eczema in the ECRHS group analysis (groups 14 & 15), consistent with the 
decreased risk of eczema seen for exposure to “LMW metal and metal fume antigens” in 
this analysis (and also in the hayfever analysis).  After adjustment for confounders only 
‘ever’ being exposed to “LMW reactive chemicals – isocyanates” remained significantly 
associated with a decreased risk of eczema, this was not significant after correction for 
multiple testing using the Simes procedure.    
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Table 9.2.6: ‘Ever’ worked in ASJEM exposures significantly associated with eczema 
Ever exposure 
cases /total 
n 
OR OR* 95% CI p-value 
Only  worked in a job that is ‘unlikely exposed to 
asthmagens’ reference group 
417/2126 1.00 1.00 - - 
Any high risk 744/3770 1.01 1.05 0.91-1.21 0.495 
Any low risk exposure 1023/5598 0.92 0.99 0.87-1.13 0.860 
Any HMW 463/2236 1.07 1.06 0.91-1.24 0.427 
Any LMW exposure 458/2418 0.96 1.05 0.90-1.22 0.580 
Any mixed 176/988 0.89 0.96 0.79-1.17 0.693 
HMW animal antigen  47/294 0.78 0.82 0.59-1.15 0.249 
HMW fish/shellfish antigens 5/31 0.79 0.85 0.32-2.26 0.748 
HMW flour associated antigens 23/128 0.90 0.97 0.61-1.55 0.889 
HMW plant other associated antigens 56/268 1.08 1.20 0.87-1.66 0.259 
HMW mite and insect antigens 72/297 1.31 1.15 0.86-1.53 0.359 
HMW antigenic enzymes 20/103 0.99 1.09 0.66-1.80 0.750 
HMW latex antigens 291/1313 1.17 1.10 0.93-1.31 0.277 
HMW bioaerosol antigens 61/386 0.77 0.92 0.68-1.24 0.572 
HMW pharmaceutical product antigens 2/9 - - - - 
LMW highly reactive chemicals 202/979 1.07 1.14 0.94-1.38 0.198 
LMW reactive chemicals-isocyanates 26/239 0.50 0.60 0.39-0.92 0.020 
LMW reactive cleaning / disinfecting products 181/914 1.01 0.98 0.80-1.19 0.816 
LMW antigenic wood dusts 52/338 0.75 0.95 0.69-1.31 0.743 
LMW metal and metal fume antigens 125/772 0.79 0.95 0.75-1.19 0.653 
Mixed environments: metal working fluids exposures 39/242 0.79 0.97 0.67-1.41 0.882 
Mixed environments: textile production 59/312 0.96 0.91 0.67-1.24 0.558 
Mixed environments: agricultural antigens 91/483 0.95 1.06 0.82-1.37 0.684 
High probability of accidental peak exposure to 
irritants 
60/426 0.67 0.85 0.63-1.15 0.291 
Combustion particles/fumes: vehicle / motor 
exhaust 
292/1904 0.74 0.85 0.72-1.02 0.076 
High probability of exposure to environmental 
tobacco smoke 
256/1134 1.20 1.15 0.96-1.38 0.120 
Possible exposure to irritants gasses or fumes 568/3085 0.93 1.01 0.87-1.17 0.921 
Low antigens: May be exposed to "asthmagens" but 
low probability of enough exposure for OA 
762/3940 0.98 1.04 0.91-1.19 0.576 
Uncertain: Relevant exposures remain uncertain 
even after checking 
493/2594 0.96 1.01 0.87-1.17 0.930 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
  
  
305 Chapter 9: Allergic disease and occupation ages 16-42 years 
Results - ‘Always’ worked in an occupation - Eczema: 
The numbers of people that had always worked in the same occupational or 
unemployment group from ages 16 to 42 were very small.  Thirty seven occupational codes 
had at least one eczema case but only three of these had more than five cases.  The 
significant associations are shown in table 9.2.7.  In the adjusted analysis ‘always’ working as 
a “gardener, horticultural and nursery grower” (ISCO code 6113) or as a “plumber and pipe 
fitter” (ISCO code 7136) was strongly associated with an increased risk of eczema.  Working 
as a “plumber and pipe fitter” was also associated with an increased risk of eczema in the 
‘ever’ exposure analysis.  No Simes procedure was carried out due to the limited numbers in 
each of the groups. 
 
Table 9.2.7: ‘Always’ worked in an occupation significantly associated with eczema 
Always un/employment code 
cases/total 
n 
OR OR* 95% CI p-value 
Only worked in reference group (all office 
jobs) 
486/2576 1.00 1.00 - - 
6113 - Gardeners, horticultural and 
nursery growers 
3/6 4.30 5.72 1.14-28.60 0.034 
7136 - Plumbers and pipe fitters 5/14 2.39 3.16 1.04-9.54 0.042 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
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Results - ‘Always’ worked in an occupational group - Eczema: 
Defining exposure as ‘always’ having worked in an ECRHS group also gave very small 
numbers for each group; with only eight of the groups (including the “any high risk” group) 
having five or more cases of eczema.  The only significant association observed was for 
‘always’ working in “any high risk” group in the unadjusted analysis where a decreased risk 
of adult onset eczema was observed.   
 
Table 9.2.8: ‘always’ worked in ECRHS group significantly associated with eczema 
Always ECRHS group 
cases/total 
n 
OR OR* 95% CI 
p-
value 
Only  worked in ECRHS group 1- (reference 
group) 
563/2934 1.00 1.00 - - 
Always worked in any ECRHS high risk groups  33/244 0.66 0.79 0.54-1.15 0.226 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
 
  
  
307 Chapter 9: Allergic disease and occupation ages 16-42 years 
Results - ‘Always’ worked in an ASJEM exposure - Eczema: 
The numbers of people that had always worked in each exposure group were very 
small; 10 exposure groups had any cases of eczema.  The only significant associations 
observed were in the unadjusted analysis for always working in any “low risk exposure” 
group and always “low antigen” exposed, where decreased risks of adult onset eczema were 
observed.  No significant associations were observed between ASJEM exposures and adult 
onset eczema when adjusted for confounders. 
 
Table 9.2.9: ‘Always’ worked in ASJEM exposure significantly associated with eczema 
Always exposure 
cases/total 
n 
OR OR* 95% CI p-value 
Only worked in unlikely exposed to 
asthmagens (reference group) 
417/2126 1.00 1.00 - - 
Always worked in a job with any low risk 
job 
24/199 0.56 0.71 0.45-1.10 0.126 
Always worked in a job with low antigen 
exposure 
10/90 0.51 0.64 0.33-1.26 0.196 
Bold = reached conventional levels of statistical significance (p<0.05) 
*adjusted for sex, smoking, fathers social class at birth and region 
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Summary – Eczema: 
In the cross-sectional analysis no current occupations were significantly associated 
with eczema, the associations seen were mostly negative.   A decreased risk of eczema was 
seen in those currently working in any “high risk” group (defined using ECRHS groups), but 
this was not significant after correction for multiple testing.  In the unadjusted analysis a 
consistent reduced risk was observed for currently working in “transport and storage” 
occupations (ECRHS group 23) and currently working in a job with exposure to combustion 
fumes.  In the adjusted analysis using the ASJEM exposures only currently working in jobs 
with “uncertain” exposures were associated with eczema, but this was not significant after 
correction for multiple testing. 
In the longitudinal analyses using the full occupational history from entry to the 
workforce to age 42 a wide range of occupations and exposures were seen to be associated 
with adult onset eczema, with the majority being negative.  Few of the associations 
remained significant after adjustment for confounders and none of them were significant 
after correction for multiple testing using the Simes procedure.  
Consistent associations were seen for “plumbers and pipe fitters” which were 
associated with an increased risk of eczema when exposure was defined as ‘ever’ worked or 
‘always’ worked.  There was some evidence that drivers and people exposed to combustion 
fumes had a decreased risk of eczema although one transport related occupation was 
associated with an increased risk of eczema.  People who work with metal (defined by ISCO 
codes and two ECRHS groups) or have exposure to “LMW metal and metal fume antigens” 
had a reduced risk of adult onset eczema but only in the unadjusted analyses.  
 
  
  
309 Chapter 9: Allergic disease and occupation ages 16-42 years 
Conclusions – Hayfever and eczema: 
From 1974-2001, around 40% of those included in each analysis had ever been 
exposed to “high risk” asthmagenic agents at work, as defined by the ASJEM.  Almost 19% of 
the cohort had adult onset hayfever and a similar proportion had adult onset eczema.  In 
the cross-sectional analysis almost all of the observed associations for both adult onset 
eczema and hayfever were negative.  However few cross-sectional associations remained 
significant after adjustment for confounders, especially in the eczema analyses.  There was 
consistent and significant evidence that people currently unemployed had an increased risk 
of hayfever, an association that had also been seen for adult onset asthma.  There was some 
evidence that those currently working as drivers and those currently exposed to combustion 
fumes had a reduced risk of hayfever and there was some weaker evidence that these 
people also had a reduced risk of eczema, possibly due to the “healthy worker effect”.   
In the longitudinal analyses the majority of the observed associations for both 
hayfever and eczema were negative.   Significant evidence was seen for a protective effect 
for hayfever in drivers (or exposure to combustion fumes), this association was also seen for 
adult onset eczema but was non-significant.   The strength of this association may have 
been reduced due to the possible “healthy worker effect” seen in the cross-sectional 
analyses.  Consistent and significant protective effects for hayfever were seen for ‘ever’ 
working as a metal worker or ‘ever’ being exposed to “mixed environments: metal working 
fluids”.  Again a comparable protective effect for eczema was observed for similar exposures 
(LMW metal and metal fume antigens, ECRHS groups “14- Metal making and treating” and 
“15 - Other metal workers”) although this was not significant after adjustment for 
confounders. 
Increased risks of hayfever and eczema were observed in those ‘ever’ working as a 
hairdresser or a waiter, associations that had been consistently observed with adult onset 
asthma.  ‘Ever’ working as a plumber (ISCO-88 code 7136) was significantly associated with 
an increased risk of eczema and this association remained significant (and increased in 
strength) when exposure was defined as ‘always’ having worked as a plumber.   After 
correction for multiple testing ‘ever’ working as a “printing-machine operator” came close 
to being significantly associated with an increased risk of adult onset eczema.  This was 
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consistent with the association seen for “Printing workers” (ECRHS group 21) but was not 
consistent with the results from the ASJEM analyses where printing working exposures 
(LMW highly reactive chemicals and low antigen exposure) had a reverse non-significant 
association.  There was evidence that ‘always’ working as a painter was associated with an 
increased risk of hayfever although the associated ASJEM exposure (low antigen exposure) 
showed no association with adult onset hayfever.   
 ‘Ever’ being exposed to HMW bioaerosols was close to being significantly associated 
with a decreased risk of hayfever even after correction for multiple testing and three other 
‘ever’ ASJEM exposures were associated with adult onset hayfever.   Only two ASJEM 
exposures were significantly and negatively associated with adult onset eczema in any of the 
analyses (both currently working in a job with an “uncertain” exposure and ‘ever’ being 
exposed to “LMW reactive chemicals – isocyanates”).   Using the occupational codes and to 
some extent the ECRHS groups to define exposure showed some consistent associations 
between occupation and adult onset allergic disease but the equivalent ASJEM exposures 
were not observed, especially for eczema.   This may be due to the ASJEM being asthma 
specific and not created to assign exposures relevant for hayfever or eczema.    
None of the observed associations remained significant after correction for multiple 
testing using the Simes procedure.  The Simes procedure appeared to work better for these 
other allergic disease analyses than in the analyses of adult onset asthma.  This may be due 
to the greater numbers of cases available in the hayfever and eczema analyses.   
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Chapter 10 – Occupational coding and expert evaluation 
Introduction 
 As described in the methods, (chapter 5) a full employment history was created from 
entry to the workforce at age 16 up to age 42.  This involved several steps.  SOC-90 codes 
were converted by computer program to the ISCO-88 coding scheme.  These codes were 
then checked and manually recoded by Dr Jarvis and myself (blind to asthma status). 
Additionally the ISCO-88 codes for occupations between ages 16 and 33 underwent expert 
re-evaluation and the rules generated as part of this process were used to assist in the 
occupational coding of ages 33 to 42.  The ASJEM exposure assignments were also re-
evaluated by the expert group (as recommended by the creators of the ASJEM), for the data 
from ages 16 to 33.  Again the rules generated as part of this process were used to assist in 
the ASJEM exposure assignment of ages 33 to 42.   
The overall aims of these analyses are to assess the comparability of the coding and 
exposure assignment before and after these additional steps and to evaluate their impact 
on associations seen. 
Aims: 
 At ages 16 to 33 to compare the level of agreement between: 
 The computer generated ISCO-88 codes and the recoded ISCO-88 codes (before 
the expert review step)  
 The recoded ISCO-88 codes (before the expert review step) and the final ISCO-88 
codes after all checking and reviewing processes. 
 To compare the level of agreement and sensitivity and specificity of the computer 
generated ISCO-88 codes for the final codes from ages 16 to 42 that were used in all the 
analyses and to compare the associations observed. . 
 To compare the level of agreement and sensitivity and specificity of the un-reviewed 
exposures for the reviewed exposures and to assess whether the changes made 
changed the associations observed between adult onset asthma and ‘ever’ working in an 
occupational exposure group by age 42. 
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Methods: 
Aim 1:   
In everybody with occupational data the absolute agreement and Kappa statistic 
between the computer generated ISCO-88 codes and manually checked and recoded ISCO-
88 codes (before the expert review step) were calculated.   
The sensitivity and specificity of the computer generated codes for the manually 
checked and recoded ISCO-88 codes for occupations known to be associated with asthma 
(from previous analysis) were also calculated.  This was repeated on the manually checked 
and recoded ISCO-88 codes for the expert re-evaluated ISCO-88 codes.  
Aim 2: 
Absolute agreement and Kappa statistic between the computer generated ISCO-88 
codes and the final ISCO-88 codes used in all our analyses were calculated.  Again the 
sensitivity and specificity of the computer generated codes for the final ISCO-88 codes used 
in all the analyses for the same occupations as tested in aim 1 were calculated. 
As in chapter 7, the association between adult onset asthma and ‘ever’ working in an 
ISCO-88 code was investigated using logistic regression with adjustment for confounders 
(sex, smoking at age 42, father’s social class, region at age 42 and childhood hayfever).  The 
reference group was those who had ‘only ever’ worked in an office based occupation. 
Estimates obtained by defining the occupational code using the two ISCO-88 codes were 
compared. 
Aim 3: 
The sensitivity and specificity of the un-reviewed exposures for the expert reviewed 
exposures identified as associated with asthma (from previous analysis) were also 
calculated.   
As in chapter 7, the association between adult onset asthma and ‘ever’ working in an 
ASJEM exposure group was investigated using logistic regression with adjustment for 
confounders (sex, smoking at age 42, father’s social class, region at age 42 and childhood 
hayfever).  The reference group was those who had ‘only ever’ worked in the ‘unlikely 
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exposed’ group. Estimates obtained by defining the ASJEM occupational exposure before 
and after the expert re-evaluation were compared. 
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Results – Aim 1: Expert ISCO-88 recoding ages 16 to 33 
Occupations for 11,469 people (66,117 jobs in total) between the ages of 16 and 33 
were coded using a computer program from SOC-90 to ISCO-88 and checked manually 
before undergoing expert review.  The manual checking of the ISCO-88 codes by Dr Jarvis 
and myself altered 45.8% (n=30,812) of these codes (overall agreement 53.8%: Kappa 0.53).  
The sensitivity and specificity of the computer generated codes for manually checked ISCO-
88 codes for occupations known to be associated with asthma (from previous analysis) is 
shown in table 10.1.1.   
 
Table 10.1.1: Agreement between computer generated and manually checked ISCO-88 
codes (gold standard) for reference group occupations, high risk occupations and 
occupations identified as related to asthma in previous analyses 
Occupation 
Computer 
generated 
ISCO-88 (n 
jobs) 
Manually 
checked 
ISCO-88 
(n jobs) 
% 
Agreement 
Kappa Sensitivity Specificity 
ECRHS 1 (office/clerical 
work)# 
37594 38314 91.8 0.83 92% 91% 
ECRHS 2 (cleaners and 
caretakers)  
1859 1628 98.6 0.73 79% 99% 
Any “high risk”* 14622 14539 89.3 0.69 76% 93% 
Waiters (5123) 1885 1834 98.9 0.80 82% 99% 
Hairdressers (5141) 482 698 99.7 0.81 68% 99% 
Protective services 
workers (5169) 
269 260 99.8 0.74 76% 99% 
Aircraft engine 
mechanics and fitters 
(7232) 
0 89 - - - - 
Bakers (7412) 84 210 99.8 0.54 38% 99% 
Glass, ceramics and 
related decorative 
painters (7324) 
47 34 99.9 0.27 33% 99% 
*Any high risk defined by the ECRHS groups 
#Reference group for analyses in chapter 7 
 
The sensitivity of the automated computer coding for the expert reviewed ISCO-88 
codes varied widely between different occupations.  The Kappa statistic ranged from 0.27 
(fair agreement) to as high as 0.81 (excellent agreement).  Of note, the sensitivity was low 
(33%) and the Kappa only 0.27 for “Glass, ceramics and related decorative painters” (ISCO-
88 code 7324).  This indicates that use of the computer generated ISCO-88 codes would 
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have missed many of these jobs (an occupation observed to be associated with asthma in 
chapter 7). Other occupations such as waiters (ISCO-88 code 5123) and the large group of 
clerical workers (ECRHS group 1) had reasonably high sensitivity and specificity, most likely 
due to the ease in which these jobs could be coded.  Overall the specificity was high for all 
jobs, but this might be expected as the number of jobs in each code is relatively low in 
comparison to the total number of jobs.   
There were several reasons for the discrepancies between the coding steps.  The 
original data in which free text had been coded to SOC-90 (using a computer program) 
contained many errors.  For example anyone whose job title started with the words 
“apprentice” or “trainee” was coded to SOC-90 code “599 - Other craft and related 
occupations not elsewhere classified”.  When we converted the SOC-90 codes to ISCO-88 
codes this became ISCO-88 code “7331 – Handicraft workers in wood and related 
materials”. This was a large group of 1469 jobs and, after checking and recoding, only 7 of 
these remained as ISCO-88 code 7331.  Many of those who required recoding were in 
occupations of interest: for example approximately 17% of all hairdressing jobs by age 33 
were ‘apprentice hairdressers’ and coded as by the CAMSIS conversion as ISCO-88 code 
7331.   
Another source of error was related to the nature of the two coding schemes.  SOC-
90 contains 353 unit level occupations (the most detailed level) whilst ISCO-88 has 390.  An 
example of where this caused problems was for “aircraft engine mechanics and fitters” 
(ISCO-88 code 7232).  This ISCO-88 code has no equivalent SOC-90 code so in the original 
dataset, aircraft engine mechanics and fitters, were assigned SOC-90 code 516 (Metal 
working production and maintenance fitters).  When converted to ISCO-88 codes using the 
CAMSIS program this group were coded to “Machinery mechanics and fitters – ISCO-88 code 
7230” and needed to be recoded back to aircraft mechanics during manual checking. 
The expert review of the ISCO-88 codes added additional time to the recoding 
process, so before repeating this step out on the data from ages 33 to 42 it seemed sensible 
to examine how much it altered the observed associations.  The expert review of the ISCO-
88 codes changed 4389 ISCO-88 codes (in total 47.5% of jobs up to age 33 had codes 
changed by the two steps).  There was excellent agreement between the manually checked 
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codes and the codes following expert evaluation (overall agreement 93.4%: Kappa 0.93). 
The sensitivity and specificity of the manually checked ISCO-88 codes for the expert 
reviewed codes for the same occupations as shown previously is displayed in table 10.1.2.   
Table 10.1.2: Agreement between manually checked and expert reviewed ISCO-88 codes 
(gold standard) for reference group occupations, high risk occupations and occupations 
identified as related to asthma in previous analyses 
Occupation 
Manually 
checked 
ISCO-88 (n 
jobs) 
Expert 
reviewed 
ISCO-88 
(n jobs) 
% 
Agreement 
Kappa Sensitivity Specificity 
ECRHS 1 (office/clerical 
work)# 
38314 38701 98.9 0.98 99% 99% 
ECRHS 2 (cleaners and 
caretakers)  
1628 1631 99.7 0.94 94% 99% 
Any “high risk”* 14539 13954 98.5 0.95 98% 98% 
Waiters (5123) 1834 1782 99.8 0.96 98% 100% 
Hairdressers (5141) 689 689 100 1 100% 100% 
Protective services 
workers (5169) 
260 265 99.9 0.99 98% 100% 
Aircraft engine 
mechanics and fitters 
(7232) 
89 89 100 1 100% 100% 
Bakers (7412) 210 217 99.9 0.97 96% 100% 
Glass, ceramics and 
related decorative 
painters (7324) 
34 36 99.9 0.97 94% 100% 
*Any high risk defined by the ECRHS groups 
#Reference group for analyses in chapter 7 
 
Assuming the expert reviewed ISCO-88 codes correctly identify occupations, the 
sensitivity and specificity of the manual ISCO-88 coding was very high for all occupations.  
The agreement was very high and there was total agreement for several occupations.   The 
majority of the ISCO-88 codes changed by the experts were ones that had already been 
identified as difficult to code, but the experts provided clarification of the actual types of 
tasks performed in these occupations.  In many cases the changes were minor, for example 
moving a manager from one managerial code to another managerial code.  
 
From this it was concluded that the expert review of the ISCO-88 codes did not 
provide a substantial increase in the accuracy of the ISCO-88 coding and was therefore not 
carried out on the occupational data from ages 33 to 42. 
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Results – Aim 2: Manual recoding of ISCO-88 from ages 16 to 42 
In total there were 86,380 jobs for 12,998 people in the cohort.  In total 55,044 job 
codes were changed (overall agreement between computer generated codes and final 
checked codes 36.6%; Kappa 0.36).  The sensitivity and specificity of the manually checked 
ISCO-88 codes for the final checked ISCO-88 codes for the same occupations as shown in 
aim 1 is displayed in table 10.2.1.   
Table 10.2.1: Agreement between computer generated and final checked ISCO-88 codes 
(gold standard) for reference group occupations, high risk occupations and occupations 
identified as related to asthma in previous analyses 
Occupation 
Computer 
generated 
ISCO-88 (n 
jobs) 
Final 
checked 
ISCO-88 
(n jobs) 
% 
Agreement 
Kappa Sensitivity Specificity 
ECRHS 1 (office/clerical 
work)# 
50302 51294 90.7 0.81 92% 89% 
ECRHS 2 (cleaners and 
caretakers)  
2531 2162 98.4 0.70 77% 98% 
Any “high risk” 18587 18250 89.4 0.69 76% 93% 
Waiters (5123) 2268 2009 95.1 0.78 84% 99% 
Hairdressers (5141) 546 819 99.7 0.78 65% 99% 
Protective services 
workers (5169) 
392 394 99.8 0.75 76% 99% 
Aircraft engine 
mechanics and fitters 
(7232) 
0 122 - - - - 
Bakers (7412) 111 262 99.8 0.54 38% 99% 
Glass, ceramics and 
related decorative 
painters (7324) 
62 44 99.9 0.32 40% 99% 
*Any high risk defined by the ECRHS groups 
#Reference group for analyses in chapter 7 
 
The sensitivity of the automated computer coding for the ISCO-88 codes that were 
finally used in our analyses varied widely between different occupations.  This was very 
similar to what was observed in aim 1 for the ages 16 to 33 data.  Assuming the final 
checked ISCO-88 codes are correct, the original SOC-90 coding and the automated 
conversion process would have incorrectly identified many occupations from ages 16 to 42.   
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Results – Aim 2: Effect of manual ISCO-88 recoding on observed associations  
 Table 10.2.2 shows the significant associations between adult onset asthma and 
‘ever’ having worked in an occupation, with occupation defined as ISCO-88 codes before 
and after the rechecking steps.  Only the results from the final logistic regression model are 
shown (adjusted for sex, smoking at age 42, father’s social class at birth, region at age 42, 
and childhood hayfever).   
The light blue shaded rows indicate associations that were only seen when exposure 
was defined using the unchecked ISCO-88 codes (16 occupations).  The pink shaded rows 
indicate associations that were seen only when exposure was defined using the final 
checked ISCO-88 codes (7 occupations).   
Unshaded rows represent occupations significantly associated with adult onset 
asthma in both sets of analyses (12 occupations).  For some of these occupations the 
association changed little after the checking process, while in others the strength of the 
associations increased (for example 6130 - Market-oriented crop and animal producers).  
The total number in this group fell considerably after checking (96 to 57), suggesting that 
the stronger effect estimates were seen due to less misclassification of exposure. 
If it is assumed that the final checked ISCO-88 codes correctly identify occupations, 
the extra associations seen (light blue shaded) when the unchecked ISCO codes were used 
may not be true associations.  Looking at the free text data of the original ISCO-88 codes for 
these occupations shows that many of the computer generated ISCO-88 codes were 
misclassified.  For example many individuals coded as “veterinary assistants” (ISCO-88 code 
3227) were in fact nurses in hospitals or receptionists in veterinary surgeries and did not 
work with animals.   
However some of these associations are with occupations known to be associated 
with asthma (i.e. ISCO-88 code 7412 - bakers, pastry-cooks and confectionery makers).  It 
may be that the recoding of the ISCO-88 codes to the most detailed level reduced the power 
to detect associations.  For example, many of those identified as bakers (ISCO-88 code 7412) 
with the computer generated codes were recoded as “baked-goods, cereal and chocolate-
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products machine operators (ISCO-88 code 8274)” during the rechecking process.  By 
splitting the bakers into these two groups (which was more accurate according to the ISCO-
88 coding scheme) the power to detect associations with baking related exposures was 
reduced. 
Four occupational codes that were significantly associated with asthma in the final 
analysis had no SOC-90 code and clearly no associations could be detected.  These codes 
represented some of the most consistent associations seen in previous analyses for example 
“sewing-machine operators”. 
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Table 10.2.2: Associations using computer generate ISCO-88 codes and those after re-
coding 
Occupation (n=7406) 
cases/ 
total 
OR 95% CI 
cases/ 
total 
OR 95% CI 
 Unchecked ISCO codes Checked ISCO codes 
Reference group 
156/ 
2197 
1.00 - 
170/ 
2217 
1.00 - 
5122 - Cooks 24/201 1.88 1.18 - 3.00 42/367 1.52 1.05 - 2.19 
5123 - Waiters, waitresses & bartenders 88/753 1.63 1.22 - 2.17 78/667 1.50 1.12 - 2.01 
5133 - Home-based personal care workers 43/308 1.88 1.29 - 2.73 60/404 1.94 1.40 - 2.69 
5141 - Hairdressers, barbers, beauticians 27/159 2.41 1.53 - 3.80 32/218 1.88 1.24 - 2.85 
6130 - Market-oriented crop and animal 
producers 
11/96 2.44 1.25 - 4.75 10/57 4.26 2.06 - 8.80 
7341 - Compositors, typesetters 9/67 2.52 1.21 - 5.28 10/60 3.04 1.49 - 6.18 
9131 - Domestic helpers & cleaners 85/629 1.89 1.41 - 2.54 16/113 1.79 1.02 - 3.14 
9133 - Hand-launderers & pressers 8/52 2.47 1.12 - 5.43 8/50 2.26 1.03 - 4.98 
9151 - Messengers, package & luggage porters & 
deliverers 
11/79 2.59 1.32 - 5.09 12/103 2.06 1.09 - 3.90 
9152 - Doorkeepers, watchpersons 18/166 1.72 1.02 - 2.91 13/82 2.59 1.37 - 4.87 
9313 - Building construction labourers 7/68 2.60 1.14 - 5.90 18/208 1.92 1.12 - 3.27 
9320 - Labourers 79/792 1.73 1.29 - 2.33 30/198 2.55 1.66 - 3.93 
1315 - general managers of restaurants and 
hotels 
28/260 1.58 1.03 - 2.44 18/245 0.95 0.57 - 1.59 
2230 - Nursing and midwifery professional 46/407 1.52 1.07 - 2.17 37/412 1.10 0.75 - 1.60 
3220 - Modern health associate professionals 
(except nursing) 
16/107 2.02 1.14 - 3.56 15/166 1.03 0.59 - 1.81 
3226 - Physiotherapists & related  3/31 3.92 1.24-12.39 7/47 2.11 0.45 - 9.98 
3227 - Veterinary assistants 7/26 4.31 1.75- 10.63 2/17 1.51 0.34 - 6.79 
7230 - Machinery mechanics and fitters 29/394 1.66 1.07-2.56 11/185 1.24 0.65-2.36 
7231 - Motor vehicle mechanics and fitters 13/154 1.86 1.01-3.43 14/215 1.35 0.76-2.42 
7124 - Carpenters and joiners 58/845 1.40 1.01 - 1.96 20/257 1.50 0.91 - 2.48 
7129 - building frame and related trades workers  11/104 2.74 1.40 - 5.36 11/168 1.34 0.70 - 2.57 
7230 - Machinery mechanics & fitters 29/394 1.66 1.07 - 2.56 11/185 1.24 0.65 - 2.36 
7231 - Motor vehicle mechanics and fitters 13/154 1.86 1.01 - 3.43 14/215 1.35 0.76 - 2.42 
7412 - Bakers, pastry-cooks and confectionery 
makers 
7/42 3.48 1.50 - 8.10 10/94 1.79 0.90 - 3.55 
7442 - Shoe-makers and related  9/49 3.48 1.63 - 7.45 3/19 2.66 0.75 - 9.43 
8269 - textile, fur & leather-products machine 
operators 
14/98 2.32 1.27 - 4.25 4/25 2.40 0.80 - 7.14 
8322 - Car, taxi and van drivers  12/104 2.18 1.14 - 4.13 26/338 1.36 0.87 - 2.12 
Uncodeable 3/10 7.00 1.73-28.28 17/198 1.44 0.85 - 2.45 
5169 - Protective services workers 11/132 1.47 0.77 - 2.82 14/130 1.90 1.05 - 3.43 
7232 - Aircraft engine mechanics and fitters 0/0 - - 5/30 3.81 1.41-10.31 
7321 - Abrasive wheel formers, potters  0/0 - - 3/17 3.64 1.01-13.17 
7324 - Glass, ceramics and related decorative 
painters 
1/22 0.80 0.11 - 6.04 4/17 3.84 1.18-12.43 
8263 - Sewing-machine operators 0/0 - - 19/133 1.93 1.14-3.26 
9132 - Helpers and cleaners in offices, hotels  14/127 1.60 0.89- 2.88 11/516 1.82 1.34 - 2.48 
9322 - Hand packers & other manufacturing 
labourers 
0/0 - - 22/170 1.66 1.02-2.70 
  
321 Chapter 10 – Occupational coding and expert evaluation 
Results – Aim 3: Expert re-evaluation of the ASJEM  
The sensitivity and specificity of the unchecked exposures for the checked ASJEM 
exposures is shown in table 10.3.1.   
Table 10.3.1: Agreement between un-reviewed and reviewed ASJEM exposures (gold 
standard) for specific exposure groups as related to asthma in previous analyses 
Exposure 
Un-
reviewed 
exposure 
(n jobs) 
Expert 
reviewed 
exposure 
(n jobs) 
% 
Agreement 
Kappa Sensitivity Specificity 
Unlikely exposed* 28101 27589 91.7 0.83 93% 90% 
HMW flour associated 
antigens 
277 183 99.8 0.72 91% 99% 
HMW antigenic enzymes 171 155 99.9 0.84 88% 100% 
LMW highly reactive 
chemicals 
1837 1835 98.0 0.70 71% 99% 
LMW reactive cleaning / 
disinfecting products 
200 1553 97.2 0.16 10% 100% 
LMW metal and metal 
fume antigens 
1821 1605 98.5 0.77 82% 99% 
Mixed environments: 
textile production 
741 623 99.8 0.90 99% 100% 
Mixed agricultural 889 976 99.7 0.93 89% 100% 
Combustion 
particles/fumes:  
2461 4066 96.9 0.74 60% 100% 
Environmental tobacco 
smoke 
1335 2021 98.7 0.79 66% 100% 
Possible exposure to 
irritants gasses or fumes 
4258 6955 94.6 0.73 61% 100% 
Low antigens 8537 9349 91.9 0.72 73% 96% 
Uncertain exposures  4002 4307 97.7 0.85 83% 99% 
*Reference group 
The level of agreement between the exposures was high (due to large numbers of 
unexposed) but the Kappa statistic varied, from 0.16 for LMW cleaning products (slight 
agreement), to 0.90 (excellent agreement) for textile production.  The sensitivity was also 
very variable, with very low sensitivity for LMW cleaning exposures and very high sensitivity 
for those “unlikely to be exposed”.  The specificity was high for all jobs, again due to the 
high numbers of non-exposed and the fact that the ASJEM favours specificity over 
sensitivity. 
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The effect of the expert review of the exposures was examined.  Table 10.3.2 shows 
the significant associations between adult onset asthma and ‘ever’ working in an 
occupational exposure (defined as an ASJEM exposure before and after the expert 
evaluation step).  Only the results from the final logistic regression model are shown 
(adjusted for sex, smoking age 42, region at age 42, father’s social class at birth and 
childhood hayfever).   
Table 10.3.2: Significant associations between adult onset asthma and occupational 
exposures before and after the expert re-evaluation step 
Exposure (n=7406) cases/total n OR 95% CI cases/ total n OR 95% CI 
 Before expert review After expert review 
Unlikely (reference) 160/2069 1.00  146/1864 1.00  
Any high risk 243/2570 1.36 1.09-1.69 301/3137 1.40 1.13 - 1.73 
Any low risk 342/3943 1.36 1.11-1.67 399/4629 1.30 1.05 - 1.59 
Any LMW 136/1442 1.43 1.12-1.84 189/1966 1.49 1.18 - 1.89 
Any Mixed 80/848 1.46 1.09-1.96 75/807 1.45 1.07 - 1.97 
Mixed textiles 36/306 1.61 1.08-2.41 32/257 1.71 1.12 - 2.61 
Combustion 78/1011 1.39 1.03-1.87 125/1538 1.41 1.08 - 1.84 
ETS 80/674 1.50 1.12-2.01 105/948 1.43 1.09 - 1.88 
Possible irritants 141/1611 1.44 1.12-1.85 220/2532 1.34 1.06 - 1.68 
Low Antigens 286/3150 1.37 1.11-1.70 290/3272 1.30 1.05 - 1.62 
Uncertain 201/1915 1.47 1.18-1.85 218/2141 1.50 1.19 - 1.88 
LMW highly reactive 
chemicals 
87/862 1.42 1.07-1.88 74/809 1.33 0.98 - 1.79 
Mixed agricultural 36/388 1.50 1.02-2.22 35/399 1.43 0.96 - 2.13 
Any HMW 114/1323 1.16 0.90-1.50 183/1879 1.33 1.05 - 1.68 
HMW flour 16/163 1.48 0.85-2.57 14/111 2.12 1.17 - 3.85 
HMW enzymes 10/94 1.75 0.88-3.49 12/90 2.32 1.22 - 4.42 
LMW cleaning 13/128 1.37 0.75-2.52 92/755 1.67 1.26 - 2.22 
LMW metal fumes 62/793 1.27 0.92-1.74 50/609 1.45 1.02 - 2.07 
 
The light blue shaded rows indicate associations that were seen only when exposure 
was defined using the un-reviewed exposures (2 exposures).  The pink shaded rows indicate 
associations that were seen only when the ASJEM exposures had undergone expert re-
evaluation (5 exposures); for most of these, the number of people exposed has decreased 
while the strength of the association has increased, suggesting that the expert review step 
reduced misclassification of these exposures.  Unshaded rows represent occupations 
significantly associated with adult onset asthma in both sets of analyses (10 exposures).   
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Of note, considerable change in the effect estimate for exposure to LMW cleaning 
agents (the exposure with the lowest agreement between the review steps) was seen after 
the expert review of exposures.  Before review only 128 people had this exposure but after 
review this increased to 755.  This was largely because the experts added LMW cleaning 
products exposure to the majority of “Helpers and cleaners in offices, hotels and other 
establishments” (ISCO-88 code 9132). 
The majority of the differences were for the ‘high asthma risk’ HMW and LMW 
exposures.  The associations observed for the ‘low asthma risk’ irritant exposure groups 
were not greatly altered by the expert evaluation step.  This is despite some large changes in 
the numbers exposed; for example exposure to “possible irritants” was assigned to nearly 
1000 additional people by the expert review.  This suggests that the expert evaluation step 
is most useful for the ‘high asthma risk’ exposures such as HMW and LMW exposures.    
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Conclusions: 
 Although the computer conversion of SOC-90 to ISCO-88 is relatively quick, the 
checking and recoding of the ISCO-88 codes, including the expert review, was time 
consuming.  In total 64% of the job codes were changed for 12,998 people.  However of 
these, only 5% were changed because of the expert review process.  Based on the data from 
ages 16 to 33 it was decided not to perform the expert review of the ISCO-88 codes for the 
data from ages 33 to 42.  On the assumption the final checked ISCO-88 codes are correct, 
the process of checking and recoding of the ISCO-88 codes reduced the mis-classification of 
the occupations and potentially prevented false associations between adult onset asthma 
and ‘ever’ working in an occupation.  
Occupational exposures before and after the expert review step showed varying 
levels of agreement.  Using the reviewed exposures allowed for the identification of four 
additional associations between adult onset asthma and ‘ever’ working in an occupational 
exposure group.  Most of the differences were between effect estimates seen for HMW and 
LMW exposures.  For the HMW exposures this was due to exposures related to baking, and 
for the LMW exposures this was due to cleaning and metal working occupations.  Despite 
large changes to the numbers of people exposed to “low asthma risk” irritants the effect 
estimates were not altered by the expert review process.  
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Chapter 11: Discussion 
In this large national birth cohort of adults aged up to 42 years some occupations 
and occupational exposures were consistently associated with adult-onset asthma.  This is 
the first time such associations have been demonstrated in a population based birth cohort 
from entry to the workforce.  Extensive checking and recoding, including expert assessment 
of occupational exposures were conducted to reduce misclassification of exposure and 
several approaches were used to identify at risk occupations and exposures.  
 
The main findings, having controlled for multiple testing are summarised in table 
11.1 (additional associations that were non-significant after correction for multiple testing 
are shown in table 11.2). The major consistent finding is that those who have ‘ever’ worked 
as a cleaner, as a home-based personal care worker, as a market orientated crop or animal 
producer or as a manufacturing labourer (unspecified) have a greater risk of adult onset 
asthma.  Those who worked in cleaning occupations were exposed to low molecular weight 
reactive cleaning and disinfecting products, exposures which were consistently seen to be 
associated with adult onset asthma.  These exposures did not increase the risk of other 
diseases associated with allergy such as hayfever or eczema.   
 
Although it was not possible to determine whether individuals within the cohort had 
‘occupational asthma’ there was evidence that by the age of 42 those with adult onset 
asthma were more likely to be unemployed and be out of work due to sickness and 
disability at age 42. Furthermore women with adult onset asthma had more jobs indicating 
they may be leaving jobs more frequently because of their disease.  
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Table 11.1: Associations seen in all analyses that were significant after correction for 
multiple testing 
Exposure 
Current 
at 42 
Ever 
by 42 
Age 33 
Asthma 
and airway 
obstruction 
Relapse 
of 
childhood 
asthma 
Other allergic 
disease 
1 – Unemployed Yes - No - - No 
5 – Sick/disabled Yes - Current - - 
Hayfever Current 
(+ve) 
5133 - Home-based 
personal care workers 
No Yes No No No No 
6130 - Market-oriented 
crop and animal producers 
Yes Yes No No No No 
9132 - Helpers and 
cleaners in offices, hotels  
No Yes No Yes No No 
9320 -Manufacturing 
labourers 
Yes Yes Ever Yes No No 
Any ECRHS high risk groups No Yes No No No 
Hayfever Current 
(-ve) 
Eczema Current  
(-ve) 
2 (Cleaners and caretakers) No Yes No Yes No No 
26 (Remainder blue-collar) No Yes No Yes No No 
Any LMW exposure No Yes No No No No 
LMW reactive 
cleaning/disinfecting 
products 
No Yes No Yes No No 
Uncertain exposures  No Yes No No No 
Eczema Current  
(-ve) 
(-ve) =negative association, (+ve) =positive association 
Occupations: 
There has been growing interest in the role of cleaning in the development of adult 
onset asthma over the last decade (Jaakkola et al. 2006;Medina-Ramon et al 
2005;Rosenman KD et al 2003).  A number of studies have shown that cleaners may have an 
increased risk of asthma, commonly thought to be related to irritant exposure. To date 
there has been relatively little information suggesting it was a problem in the UK, and 
indeed one of the original observations in the ECRHS of home cleaning products suggested 
these products although harmful in the rest of Europe were not associated with disease in 
this country (Zock et al. 2007). 
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In this study over 778 people reported that they had ever been in a cleaning related 
occupation, and in nearly all analyses exposures related to this occupation, as identified by 
the ASJEM, were consistently associated with disease.  Cleaners were not only more likely to 
report asthma but also had more asthma with airway obstruction.  This suggests that the 
association seen is not due to reporting bias (as some objective measurement was made) 
and it could be related to asthma severity. Disappointingly the quality of the data within this 
cohort precluded us being able to clearly show that the exposure of cleaning preceded the 
onset of asthma, and therefore the causal inference that can be made from this observation 
is limited.  Interestingly those who had ever worked as a cleaner and developed asthma, 
spent less time in that occupation.  It could be hypothesised that this is caused by the onset 
or aggravation of symptoms, and premature leaving of the cleaning job.  Being atopic did 
not appear to affect these individuals susceptibility; this was consistent with findings from 
other studies (Medina-Ramon et al 2005;Zock et al 2007).   
Many other occupations that included cleaning tasks also had an elevated risk of 
asthma. Home-based personal care workers were another large group (n=404) with an 
increased risk of asthma and during the expert review it was felt that many of these 
individuals would perform cleaning as a major part of their job.  This was similar to the 
findings of a review of cleaning studies, which showed an increased risk of asthma for 
cleaning related tasks such as cleaning windows and washing dishes (Jaakkola & Jaakkola 
2006).   Several other cleaning occupations showed some association with asthma (although 
these were not significant after correction for multiple testing).  This adds strength to the 
evidence that ‘ever’ having had cleaning related exposures increases the risk of adult onset 
asthma.   
Most manufacturing labourers provided insufficient information for them to be 
coded to a unit level occupation or a specific industry such as “wood and related products 
assemblers” or “electronic-equipment assemblers”.  The level of detail provided in their 
occupational histories was limited, for example many of them called themselves “factory 
workers that do factory work”.  This medium sized group (n=198) was predominantly men, 
who consistently had an increased risk of asthma in several analyses, even when they were 
relatively young.  The nature of the exposures that they experience in the workplace can 
only be hypothesised and the ASJEM assigned this occupation “uncertain exposures” (an 
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exposure group also associated with an increased risk of asthma).  The ECRHS group 26 
(“remainder blue-collar”) includes “manufacturing labourers” and this group were often 
identified in the analyses as having more adult onset asthma (including asthma with airway 
obstruction).   
Working in a farming related occupation was the most commonly identified 
occupational risk in the literature review.  ‘Ever’ working as a “market-oriented crop and 
animal producer” was the strongest identified risk factor for adult onset asthma.  Despite 
this strong risk, no equivalent association was seen for agricultural exposures.  However 
during the expert review process it was decided that many in this group had exposure to 
LMW cleaning products (i.e. from cleaning out animal pens etc).  As no other agricultural 
occupation showed any association with asthma at any age it could be that the increase in 
asthma in this group is due to these cleaning exposures. 
Other occupations showed some associations with asthma (although less 
consistently), many of which were already known, such as hairdressers and mechanics 
(Table 11.2, page 312).  It was hoped that this work would identify novel or previously 
unrecognised occupations as a risk factor for asthma.  Some occupations, based on small 
numbers, appeared to be of interest, for example ‘ever’ working as an “aircraft engine 
mechanic and fitter”.  The majority of people in this occupation provided limited 
information of the actual tasks carried out, most simply stated that they 
“repaired/maintained aircraft”.  The ASJEM exposure assigned to this job was “low 
antigens” as well as “LMW reactive chemicals – isocyanates” but only if “it is very clear that 
the person works in the aircraft painting area”.  During the expert review step this code was 
discussed and a range of other potential exposures mentioned included epoxy based resins, 
isocyanates (from paint spray booths in some hangers), chromate paints and coolant oils.  
There was anecdotal evidence from one member of the expert group that cases of 
occupational asthma in aircraft mechanics who did not appear to be exposed to isocyanates 
did occur. 
In addition, working in protective services jobs (“5169 - Protective services workers” 
and “9152 - Doorkeepers, watchpersons”) appeared to increase the risk of asthma.  These 
occupations were both considered to be “unlikely exposed” by the ASJEM and only one 
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other mention of a similar occupation (“other protective service”) being a risk factor for 
asthma was identified in the literature review (Syamlal 2009).  These occupations had a 
wide variation in the types of tasks carried out, and during the expert evaluation exposure 
to “HMW animal antigens” for animal handlers, “possible exposure to irritants, gases or 
fumes” for lifeguard/swimming pool attendants and “combustion particles/fumes” for car 
park attendants and lollipop ladies were assigned.   
‘Ever’ working as a hairdresser has previously been linked to an increased risk of 
asthma (Ameille et al 2003;Toren 1997).  In this cohort hairdressers appeared to have not 
only an increased risk of asthma by ages 33 and 42, but also an increased risk of adult onset 
hayfever/rhinitis and eczema.  This suggests a possible allergic mechanism for exposures 
encountered in these occupations.  Exposure to persulphates by hairdressers has been 
previously linked to both rhinitis and asthma possibly explained by the concept of  “unified 
airways disease” (Moscato et al. 2010).  However the ISCO-88 code for hairdressers ‘5141’ 
includes several jobs that are not directly involved with hairdressing (i.e. beauticians, 
receptionists).  During the expert evaluation these jobs were assigned different exposures 
(for example “low antigens” exposure for people who do nail work).  These other exposures 
apply to 28% of the individuals who had ‘ever’ worked in ISCO-88 code 5141.  Excluding all 
those who were not actually “hairdressers” from the analysis marginally increased the 
strength of the association.   
Other groups that had an increased risk of adult onset asthma by age 42 included 
several manual or labouring occupations (9151 - Messengers, package and luggage porters 
and deliverers, 9313 - Building construction labourers, 9320 - Manufacturing labourers and 
9322 - Hand packers & other manufacturing labourers).  Construction work has been 
identified as a risk factor for asthma in several studies (Arif et al 2003;Ng et al. 1994) as has 
factory and manufacturing work (Blanc 1987;Karjalainen et al 2000;Karjalainen et al 2001) 
and blue collar labouring work (Heikkila et al 2008;Kraut 1997).  The low risk ASJEM 
exposures that are assigned to these occupations (possible irritants, combustion fumes and 
low antigens) were also associated with a similar strength increased risk of adult onset 
asthma.  These low risk irritant exposures (particularly possible irritants) are similar to a 
common question used to define exposure in occupational asthma studies (“exposed to 
vapours, dust, gases or fumes?”).   Several studies have observed an increased risk of 
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asthma with these exposures (Blanc et al 2003;Blanc et al 1999;Eagan et al 
2002;Henneberger et al 2010). 
In the longitudinal analyses at age 33 there was little evidence of an association 
between adult onset asthma and ‘ever’ working in jobs with an ASJEM exposure (other than 
ETS). This may be due to a lack of power to detect associations; there may be no 
associations to detect or the development of asthma may require a longer period of 
exposure.  Exposure to ETS remained associated (with the same strength) with adult onset 
asthma by the age of 42, and ETS exposure has been reported to be associated with asthma 
in other studies (Blanc et al 2003;Blanc et al 1999).  Occupations associated with ETS 
exposure included “waiters, waitresses & bartenders”, an occupation that was also 
associated with asthma by age 42 (although waiters also had potential cleaning exposures 
from washing up and wiping tables) and has been identified by other studies (Jaakkola et al 
2003).  ETS exposure was also significantly associated with asthma when asthma was 
defined using airflow limitation.  This observation is redundant in the UK context as smoking 
in the workplace has been banned (the Smoke-free (Premises and Enforcement) Regulations 
2006) and more recent cohorts are unlikely to experience an increase in adult onset asthma 
due to ETS exposure at work. 
Working as a baker or in a baking environment is a well recognised risk factor for 
asthma (Ameille et al 2003;Karjalainen et al 2000).  By age 42 exposure to “HMW flour” and 
“HMW enzymes” was associated with asthma, but not ‘ever’ working as a baker (ISCO-88 
code 7412).  The expert review step assigned “HMW flour” and “HMW enzyme” exposure to 
several additional occupations, for example managers of bakeries that performed “hands-
on” work, and removed these exposures from certain groups of bakers (i.e. bakery packers).  
Overall this increased the number of people exposed (increasing the power to detect 
associations) whilst reducing misclassification of exposure, and the failure to observe an 
association with the ISCO-88 code equivalents is likely to be related to the imprecision of 
the ISCO code scheme for this work. 
An increased risk of asthma due to textile occupations or exposures has been 
observed in several studies (Arif et al 2003;Ng et al 1994;Toren et al 1999).  In the 1958 
cohort those who were exposed to “mixed environments: textile production”, also had an 
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increased risk of asthma and in particular working as a “sewing-machine operator - 8263” 
was associated with asthma and relapse of childhood asthma.  
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Table 11.2: Associations seen in all analyses that were significant after adjustment for 
confounders 
Exposure 
Current 
at 42 
Eve
r by 
42 
Age 33 
 Asthma 
and airway 
obstruction 
Relapse 
of 
childhood 
asthma 
Other allergic 
disease 
Occupations 
5122 - Cooks No Yes No No No No 
5123 - Waiters, waitresses & bartenders No Yes Ever No No 
Hayfever ever (+ve) 
Eczema ever (+ve) 
5141 - Hairdressers, barbers, beauticians  No Yes Ever No No 
Hayfever ever (+ve) 
Eczema ever (+ve) 
5169 - Protective services workers No Yes No No No No 
7232 - Aircraft engine mechanics fitters No Yes No No No No 
7233 - Agricultural- or industrial-
machinery mechanics and fitters 
Yes No No No No No 
7321 - Abrasive wheel formers, potters  No Yes No No No No 
7324 - Glass, ceramics & related painters No Yes Ever No No No 
7341 - Compositors, typesetters No Yes Ever Yes No No 
8263 - Sewing-machine operators No Yes No No No No 
9131 - Domestic helpers and cleaners No Yes No No No No 
9133 - Hand-launderers and pressers No Yes No No No No 
9151 - Messengers, package and luggage 
porters and deliverers 
No Yes No No No No 
9152 - Doorkeepers, watchpersons  No Yes Current Yes No No 
9313 - Building construction labourers No Yes No No Yes No 
9322 - Hand packers & other 
manufacturing labourers 
No Yes No Yes No No 
ECRHS groups 
3 (Hairdressers) No Yes Ever No No 
Hayfever ever (+ve) 
Eczema ever (+ve) 
5 (Other medical and pharmacy, 
excluding nurses) 
No Yes No No No No 
6 (Agriculture and forestry) No Yes No Yes No No 
9 (Food and tobacco processing) No Yes No No No No 
19 (Textile, leather and fur workers) No Yes No Yes Yes No 
21 (Printing workers) No Yes Ever Yes No Eczema ever (+ve) 
24 (Drivers) No Yes No No No Hayfever ever (-ve) 
25 (Remainder transport and storage) No Yes Current Yes No No 
ASJEM exposure groups 
Any high risk  No Yes No No No No 
Any low risk exposure No Yes No No No No 
Any HMW exposure No Yes No No No No 
Any mixed exposure No Yes No No No No 
HMW flour associated antigens No Yes No Yes No No 
HMW antigenic enzymes No Yes No Yes No No 
LMW metal and metal fume antigens No Yes No Yes No No 
Mixed environments: textile production No Yes No Yes Yes No 
Combustion particles/fumes: vehicle/ 
motor exhaust 
No Yes 
Current 
(-ve)  
No No 
Hayfever current & 
ever (-ve) 
ETS No Yes Ever No No No 
Possible irritants gasses or fumes No Yes 
Current 
(-ve) 
No No No 
Low antigens No Yes No No No No 
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It has been proposed that the proportion of asthma attributable to occupational 
exposures is approximately 15%, ranging from approximately 5% to 20% (Balmes et al 
2003;Blanc 1999;Toren & Blanc 2009).  In this cohort the population attributable risk for 
adult onset asthma was 15.1% using the method from Henneberger et al1.  This figure is 
based on the ECRHS group ‘known to be a high risk for asthma’ (which was significantly 
associated with an increased risk of asthma after correction for multiple testing – table 
11.1).  This suggests that in this UK population approximately 1 in 7 cases of adult onset 
asthma are due to high risk occupations.  Using the ASJEM to define “any high risk” 
exposure (also associated with an increased risk of asthma – table 11.2) generated a similar 
sized population attributable risk of 13.9%.  These PARs were very similar to the PARs 
calculated in the reviews of occupational asthma studies. 
  
                                                     
1
 Henneberger et al 2010  - PAR%=((proportion of cases with high exposure(RR-1))/RR)*100 
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Employment and asthma 
There have been several studies showing that adult asthma adversely effects 
employment (Blanc et al. 2001;Mancuso et al 2003). However few are based on such a long 
follow-up period or such large numbers.  There was little evidence that childhood asthma 
(even severe childhood asthma) influenced employment history. Due to the limited 
information available we were unable to link the presence of ‘occupational asthma’  to 
employment history, but by age 42 the employment histories of those with adult onset 
asthma showed some differences to those without adult onset asthma (more likely to have 
been unemployed, longer in unemployment if had been employed and, in women, more 
jobs ).  
This was mostly seen in women suggesting that women with adult onset asthma are 
particularly vulnerable to the effects of their disease on employment. There was little to 
suggest that the employment histories of men reporting asthma differed from men without 
asthma.  This may be because men with new onset asthma are able to move to non-exposed 
roles with the same employer and do not spend more time looking for work. In addition any 
effect of asthma on the employment histories of men may have been obscured as this 
cohort has been shown to under-represent men who change jobs more frequently (Hawkes 
& Plewis 2006).     
Other Allergic disease: 
The relationship of other allergic diseases with occupation is of interest because an 
increased risk of other diseases associated with allergy may suggest an allergic mechanism.  
However, by age 42, even though adult onset hayfever was common, almost all of the 
observed associations for adult onset hayfever were negative. This is difficult to explain, 
although we know that individuals with childhood hayfever were avoiding entering jobs with 
a high risk for asthma. It is possible that a similar ‘job selection’ is occurring in adults, 
leading to an increase in the number of people with hayfever in the reference group.  As the 
presence of hayfever has been linked with the future development of asthma this may have 
obscured or reduced the strength of associations with both hayfever and asthma.    
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A few occupations were consistently associated with an increased risk of rhinitis 
(doctors, hairdressers and waiters).  The presence of rhinitis often precedes the 
development of asthma (Malo et al 1997;Moscato et al 2008) and occupations with an 
increased risk of rhinitis may suggest occupations where early prevention of exposure may 
prevent asthma.   
Some occupations were associated with an increased risk of eczema, but there is 
some difficulty in interpretation of the link.  It is possible that these individuals actually had 
contact dermatitis’ (a term often used by the general public to describe inflammation of the 
skin caused by contact with irritants) as the definition of eczema used in this cohort may be 
mistaken for contact dermatitis.  In fact many of the occupations identified as associated 
with eczema involve contact with irritants or wet work (i.e. plumbers).  Therefore these 
associations may not be due to an allergic mechanism.  However an increased risk of 
eczema was seen for waiters and hairdressers, occupations associated with an increased risk 
of rhinitis and asthma, suggesting that the exposures encountered in these two occupations 
may cause disease through an allergic mechanism. 
Few ASJEM exposures were significantly associated with other allergic diseases.   
This may be due to the ASJEM being asthma specific and not created to assign exposures 
relevant for hayfever or eczema.  None of the observed associations remained significant 
after correction for multiple testing using the Simes procedure.   
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Potential limitations of the study: 
These can broadly be broken down into four categories: 
 The study: non-response and bias 
 Outcome assessment  
 Exposures  
 Confounders and analytical techniques 
 
Study design:   
Most of the current information about the burden of work-related asthma is based 
on cross-sectional or surveillance data.  Longitudinal studies have considerable advantage 
for causal inference but no longitudinal population based studies of occupational asthma 
focusing on a British population were identified in the systematic review.  None, in any 
country, had collected occupational history from entry to the work force well into adult life.  
The ASJEM with the expert re-evaluation step had only been applied to the UK population as 
part of a larger international study (ECRHS).   
Non-response: 
The 1958 Birth Cohort has maintained good response rates over four decades (over 
70%) but all studies that follow a group of people for a long period will inevitably lose 
participants due to death, emigration and refusal to continue.  Previous work on the cohort 
has shown it to be less ethnically representative than the current British population, despite 
the enrichment of the cohort in the 1970s (Atherton et al 2008).  Due to non-response the 
cohort under-represents those who are socially, educationally or behaviourally 
disadvantaged and this group may be more likely to experience poor health.   If people in 
manual occupations with poorer health are not included in the analysis, the prevalence of 
asthma in manual groups may be falsely low. Furthermore if those in manual occupations 
and in poor health are more likely to drop out of the cohort than those who are in the 
reference categories no associations may be observed when in fact associations exist. 
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In addition individuals were dropped from the sample used in analyses in this study 
due to incomplete information (i.e. responded at 42 but not 33 or asthma information 
missing).  Those ineligible for nearly all of the analyses had different characteristics to those 
who were eligible.  Ineligible individuals were more likely to be smokers, unemployed and to 
have a father from a manual SES and less likely to have had childhood hayfever.  Smokers 
may be more likely to report respiratory symptoms and those unemployed may be so due to 
ill-health, and this may result in a healthier cohort.  This may lead to the observed strength 
of associations being reduced and other associations being obscured. 
So while the overall response rate remains very good for such a large scale long term 
study some of the results must be interpreted cautiously, and  generalising some of the 
results from this cohort to the British population could lead to an under or overestimation 
of the problem. 
Biases common to occupational studies 
 Common forms of bias that are seen in all occupational studies include “job 
selection” or the “healthy hire effect”.  Studies have shown that those with asthma are less 
likely to enter jobs involving inhalation exposures (Olivieri et al 2010).  We could not 
conclude the same from the data for the 1958 birth cohort but we have shown that those 
with hayfever at the start of work are less likely to enter high risk jobs.  As a history of 
hayfever is a risk factor for the development of asthma (Shaaban et al. 2008) and if those 
with hayfever, who avoided high asthma risk jobs, entered the low risk reference 
occupations high risk individuals may be more prevalent in the reference group.  This would 
lead to an underestimation of the proportion of adult onset asthma attributable to 
occupation.  In order to control for this, an adjustment for childhood hayfever was made in 
the final model of the analyses.  In most cases this had the effect of increasing the strength 
of the observed associations between asthma and occupations/occupational exposures. 
 There was evidence of the “healthy worker effect” in the cross-sectional analyses 
at age 33.  Reduced risks of asthma were seen for “construction and mining” workers 
(ECRHS group 23) and for exposure to “possible irritants” and “combustion fumes”.   Other 
studies have noted that they failed to observe associations between asthma and 
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construction occupations and exposures due to this bias (Arif et al 2002).  This form of bias 
seems to be particularly strong for manual occupations with individuals leaving work from a 
range of health problems not just asthma (Siebert et al. 2001), all which still leaves a 
healthier than normal sample in these occupations.  Significantly increased risks were seen 
in the longitudinal analysis of these exposures however due to the results of the cross-
sectional analysis it is possible to conclude that the strength of the associations may have 
been reduced due to the “healthy worker effect”. 
 The duration of employment analysis also suggested that there was a “survivor 
effect” in this cohort.  Those with asthma spent less time in “risky” occupations than 
without asthma, as the latent period for the development of asthma is typically 1 to 2 years 
from the onset of exposure (Tarlo et al 2008) this suggests they left their job early possibly 
due to the onset or aggravation of symptoms.   
  The choice of reference group used in these analyses should help to prevent some 
of the bias affecting the results at least for the “healthy worker effect”.  The reference group 
used is comprised of all individuals who had “only ever” worked in a non-exposed 
occupation.  This does not prevent the reference group becoming contaminated by higher 
risk individuals due to “job selection” but it does prevent individuals who leave a risky 
occupation due to their health from entering the reference group. 
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Outcome assessment 
The 1958 Birth Cohort was designed to collect information relevant for a wide range 
of health outcomes only one of which was asthma. Occupational asthma is hard to define in 
an epidemiological study, especially when the majority of information comes from 
questionnaire data. Some other studies have asked specifically about occupational asthma 
(“self-reported wheeze or chest tightness at work” (Blanc et al 2001); “Self-reported current 
occupational asthma“ (Blanc 1987)) but no specific questions about occupational asthma 
were included in the 1958 cohort questionnaires.  Instead I have examined the risk 
associations with adult onset asthma in those without childhood asthma. 
Other studies have identified that there is often poor recall of childhood disease 
(Basagana et al 2001a).  However the identification of those with ‘childhood asthma’ in this 
study used carer-reported information at ages 7, 11 and 16 which should reduce error in 
recall.   The wording of the questions is not the same as we would use today if setting up a 
similar study.  These earlier phases (ages 7, 11 and 16) did not distinguish asthma from 
wheezy bronchitis and therefore “childhood asthma” in the study may represent ‘transient 
early wheeze’ (Martinez 2002), sometimes  labelled as wheezy bronchitis, sometimes 
labelled as asthma .  The wording of questions related directly to asthma was not ideal.   
During the childhood surveys (ages 7, 11 and 16) the parent was asked if their child had 
experienced an “asthma attack”.  To some people asthma attacks may only mean a severe 
incident of respiratory distress and people with asthma may never have considered their 
asthma severe enough to qualify as an asthma “attack”.   The definition of “childhood 
asthma” is a broad definition that aims to catch all cases of asthma in childhood; it is likely 
that some false positives are identified but unlikely that anyone with asthma related 
symptoms in childhood remained in the sample.  It means that after excluding “childhood 
asthma” those reporting asthma at ages 33 or 42 were unlikely to be people reporting a 
relapse of childhood asthma (even though some reported the age of onset as being in 
childhood).    
At ages 33 and 42 participants were asked “have you ever had or been told you had 
asthma?”.  The public (and professional) perception of what comprises asthma has changed 
over the last forty years.  The carers understanding of “asthma” in the earliest surveys 
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(1960s) may be very different to what the cohort member themselves considered to be 
“asthma” in the more recent surveys.  The question does not specifically enquire after a 
physician diagnosis but it is likely that most individuals who have been told they had asthma 
were told so by a health professional. This question may capture people with other 
respiratory conditions (smoking related symptoms) who believe they have asthma, although 
many studies identified in the literature review used a similar definition (Bakke et al 
1991;Eng et al 2010;Le Moual et al 2004;Mirabelli et al 2007;Nejjari 1996;Vermeulen et al 
2002;Zock et al 2004).  The cohort are rather young to have large numbers with COPD, but 
there is considerable overlap in the symptoms of asthma with COPD and COPD has been 
associated with some occupational exposures (Meldrum et al 2005).  
To address some of the concerns about the reliance of my analysis on reporting of 
‘asthma’, further tests looked at associations with objective markers of airway obstruction.  
This approach has been used in several other studies (de Meer et al 2004;Krzyzanowski & 
Kauffmann 1988;Le Moual et al 2004).  However asthma is a variable disease and those with 
asthma may have not shown airway obstruction on the day of the biomedical survey.  No 
reversibility test was carried out at the same time so it is not possible to tell whether lung 
function would have improved substantially with bronchodilator.  Inevitably the number of 
individuals with asthma plus airway obstruction was lower but the strength of the 
associations that remained significant was generally increased.  This may be a more specific 
definition of asthma, or it may only be identifying those with more severe asthma. 
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Exposures: 
One potential advantage of longitudinal studies is that exposure assignment need 
not necessarily depend on recall.   The 1958 cohort collected comprehensive occupational 
information back to age 16 (entry to workforce) at age 33, and for the period 33 to 42 at age 
42.  It is likely that some cohort members would forget some of their jobs during this period; 
and possible that individuals with asthma may have been more likely to remember certain 
occupations (such as dusty jobs that aggravate their symptoms) than those without asthma.  
This recall bias however may be relatively small as the occupational histories were not asked 
for with specific reference to occupational asthma and people both with and without 
asthma are likely to have recalled their job histories with a similar amount of random error. 
In addition to errors in recalling specific occupations, the reported dates of 
employment have some random error.  We cannot exclude the possibility that individuals 
who developed asthma during a particular job may have remembered details about this job 
more frequently and more accurately than those without asthma.  Whatever the types of 
error such poor recall may produce we have been unable to fully utilise the information on 
employment dates due to the poor quality information on age of asthma onset (reported at 
age 42).   
Occupational histories were coded (blind to asthma status) to ISCO-88 codes to 
provide exposure definitions that are comparable with other international studies.  However 
job codes are unsatisfactory for determining exposure to specific substances.  Associations 
observed between asthma and occupational codes identify workplaces and industries that 
may have relevant exposures but does not provide information on what the likely causative 
exposure is.  Occupational coding schemes were not developed to solely identify asthma 
relevant exposures and some large codes overlap on several different job tasks and 
exposures (nurses/nursing assistants, field crop and vegetable growers/mixed-crop 
growers).  In addition some occupations were not covered by the ISCO-88 scheme as it was 
out of date by the most recent survey (for example, few computing related occupations).   
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After coding to the smallest unit level of the ISCO-88 scheme many job codes had 
very small numbers of workers, even in a cohort as large as the 1958 birth cohort.  This 
necessitated the use of the ECRHS groups to aggregate the ISCO-88 codes and increase the 
power to detect associations.  Therefore occupations that may be important for asthma may 
be missed and false positives identified in occupations with small numbers of cases.  
Grouping exposures into larger occupational groups (the ECRHS groups) increased the 
power to detect associations but made it more difficult to detect causative exposures within 
occupations.  In addition the accuracy of the exposure assignment when using the ECRHS 
groups cannot be any better than the accuracy of the original ISCO-88 coding. 
The checking and recoding of the computer generated ISCO-88 codes changed over 
64% of the codes by age 42, most of these changes being made before the expert review. I 
cannot over emphasise the time that such checking and recoding takes but it is a necessary 
step to prevent misclassification of occupations and false positive associations. 
The use of the ASJEM also increased the power to detect associations by grouping 
similar individuals based on their exposure.  The ASJEM included an expert re-evaluation, 
blind to asthma status, of the assigned exposures. This allowed the exposure assignments 
within an ISCO-88 code to be changed for individuals based on their response to the 
questionnaire and allowed the ASJEM to be tailored to the UK population.  Substantial 
changes to the occupational exposures were made during the expert evaluation process.  
The ASJEM identifies 89 ISCO-88 codes in need of review, the experts identified a further 
104 ISCO codes in need of review.  Without the expert re-evaluation of the ASJEM 
exposures associations between adult onset asthma and “LMW cleaning products”, “LMW 
metal fumes”, “HMW flour” and “HMW enzymes” would not have been observed.  These 
exposures were the most consistently and strongly associated with adult onset asthma.  
Despite large changes to the numbers of people exposed to “low asthma risk” irritants the 
effect estimates were not altered by the expert review process.  Focusing the expert review 
on the “high asthma risk” exposures (HMW, LMW, mixed exposures and peak irritant 
exposure) and limiting the review of the “low risk” exposures may reduce the time needed 
for this process while still reducing any misclassification of exposure.  Overall the expert re-
evaluation appeared to reduce misclassification bias for the rarer more specific exposures 
resulting in a more valid risk estimate. 
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  The use of the ASJEM to determine occupational exposures has the advantage of 
grouping occupations by exposure increasing the power to detect associations.  In addition 
it is possible to determine which exposures within occupations are associated with asthma.  
However the disease specific JEMs can only identify exposures that are already known to be 
associated with that disease and the identification of new exposures relies on the job 
coding.  
The way the occupational information was collected in this cohort and the difficulties 
encountered in the coding process are informative for future studies of occupational 
disease.  A large part of this study was taken up with the coding and cleaning of the 
occupational information.  In order to reduce the amount of effort required in future 
occupational studies some changes to the method used to collect the information are  
suggested.   As this cohort was collecting information on a wide range of exposures and 
outcomes and was not focused on collecting occupational information, the level of detail 
that could be collected was constrained, only allowing for a job title and a brief description.  
In other similar large scale studies it is likely that a similar level of detail is all that can be 
collected.  In these cases training those who collect the information should improve the 
quality of the data.  Collecting the information via interview rather than via questionnaire 
would allow the interviewer to clarify certain occupations that are routinely difficult to 
code.  For example “labourers” that “labour”, provides little or no useful occupational 
information.  In an interview it would be possible to clarify this answer and at the very least 
enable an industry type to be identified. It should be noted however, that interviews may 
not be practical for reasons of cost or time. 
If the information can only be collected via questionnaire more in-depth guidance 
could be provided to the individual to indicate what kind of information should be provided 
for certain difficult-to-code jobs.  For example many supervisors in a range of different 
industries report their job title as simply “supervisor”, a description often not detailed 
enough to code these jobs.  The result is that these participants could not be included in 
analyses.  In this case a simple piece of guidance that asks for the industry type and whether 
the work was “hands-on” or managerial in nature could be given at the beginning of the 
questionnaire.  
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Additional information would allow not only for an improvement in the quality of the 
occupational coding but would also improve the quality of the exposure assignment.  Such 
information could include recording of job tasks and some detail on the workplace 
environment (size, industry etc).   
In future cohort studies some thought should be given to how information from 
surveys carried out at different follow-up times can be usefully collated.  In the 1958 birth 
cohort information was collected differently at different time points.  This caused problems 
with duplicate jobs when the surveys were amalgamated into a lifetime occupational 
history.  The ECRHS was able to avoid this problem by reminding the cohort member of 
what they had said at the previous survey and asking them if they agreed.  The accuracy of 
employment histories in any future cohort studies would be improved by using this method. 
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Confounders: 
Associations between occupation and asthma may be confounded by other factors.   
Some of the confounders (fathers social class at birth, childhood hayfever) included in the 
analysis were based on information collected in childhood and are less likely to be subject to 
recall bias than analyses asking for this information in adult life .  Several studies suggest 
that asthma is more common in higher social classes (Bergmann et al. 2000) with asthma 
severity being worse in those from lower social classes (Cruz et al 2010).  Adjustment for 
social class in occupational studies is problematic because the social class variable inevitably 
depends on the occupation.  Fathers social class was based on the information collected at 
the first survey in 1958.  Based on the Registrar General's Social Class, this measure allows 
for the adjustment of socioeconomic status in a relatively simple way.  However occupations 
and labour force patterns in the UK have changed since 1958.  In addition childhood SES it 
may not necessarily correspond to a lower SES in adulthood (which is in the main defined by 
occupation).    
The relationship between and asthma and smoking is unclear, some studies showing 
a positive association (Piipari et al 2004) and others that showed a protective effect (Hjern 
et al. 2001).  We have adjusted for smoking at age 42 but there are no objective markers for 
the entire cohort, and reporting bias may be present. The smoking variable included some 
measure of the amount smoked by each cohort member but not enough information was 
available to adjust for pack years of smoking. This may not completely control for smoking, 
but even a simplistic model (never, ex-, current) will reduce the amount of confounding due 
to smoking (Richiardi et al 2005).  However when stratified by smoking status (ever/never) 
more associations were seen in those who have ever smoked, suggesting that residual 
confounding by smoking may still exist. 
 Limited data on area of residence was available in the 1958 birth cohort and in the 
majority of analyses it made little difference to the overall result.  We cannot rule out that 
associations with occupation that we have observed are still not confounded by other 
factors such as diet and exercise.    
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We have shown that people with childhood hayfever/allergic rhinitis were less likely 
to enter jobs that are known to cause asthma.  Therefore analyses on the full employment 
history also included adjustment for hayfever/allergic rhinitis in childhood.  This had the 
effect of increasing the effect estimates for most of the observed associations. 
Multiple Testing 
With each analysis a large numbers of potential occupations and occupational 
exposures were tested for an association with asthma.  When using the 95% confidence 
intervals to judge whether an association is significant or not, it is likely that if 100 
associations are tested simultaneously 5 false associations would be detected.  Few of the 
occupational studies identified attempted to correct for multiple testing despite testing 
large numbers of occupations and exposures. 
To control for multiple testing in our analyses the Simes procedure was applied, 
controlling the false discovery rate at 0.20.  The Simes procedure produces a corrected 
overall critical p-value.  For any associations with p-values smaller than the corrected p-
value we can be 80% confident that at least one of them is a true association and 60% 
confident that at least half of them are true associations.  
In some instances (particularly the asthma analyses) the Simes procedure calculates 
the new “stronger level of evidence” as being larger than the conventional level of 
significance (greater than 0.05).  As well as this the Simes procedure requires at least 5 cases 
in each group to be valid and many of the observed associations could not be included in 
the correction.  For these analyses a different correction for multiple testing was used, the 
Bonferroni correction (a more conservative correction).   After this correction for any 
associations with p-values less than 0.05 we can be 95% confident this was a true 
association.  However this test was substantially more conservative than the Simes 
procedure and it is possible that some of the associations with asthma that were not seen as 
significant after correction for multiple testing are in fact true associations (table 11.2).   
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Causal inference 
When trying to determine whether there is a causal link between an exposure and a 
disease it is common to use the Bradford Hill Criteria (Hill 1965).   This set of widely used 
criteria can be applied to the results of this study.  The first of these criteria is that a strong 
association is more likely to have a causal element than a weak one.  The majority of the 
associations observed in this study gave odds ratios between 1.5 and 2.5.  However several 
occupations such as “market-oriented crop and animal producers” had odds ratios of 
between 4 and 5.  These estimates are broadly considered to be moderate and do not 
immediately suggest causal links.  For example, a review of studies reporting links between 
smoking and lung cancer showed the average relative risk was between 15 and 30 (Sasco et 
al. 2004). 
 
Unfortunately one of the limitations of this work is that it cannot fulfil the second 
Bradford Hill criteria by showing that the exposure preceded the disease.  The 1958 birth 
cohort study was not designed specifically to identify adult onset asthma and as such it was 
not thought to ask for the age of asthma onset until the members were in their forties.  
Inevitably this variable is less accurately recorded (in retrospect) than was hoped for.  One 
of the earlier aims of this study was to use the age of asthma onset variable in a survival 
analysis, with each individual’s exposure varying over the time period of their job history.  
However the lack of confidence in the age of asthma onset variable meant that there would 
have been limited confidence in the results of such an analysis.   
 
Despite this lack of an observed temporal relationship the results of the study are 
still consistent and biologically plausible.  Consistent associations with patterns of 
occupations and occupational exposures were observed, fulfilling another of the Bradford 
Hill criteria.  In addition the findings are consistent with the results of other studies of adult 
onset asthma conducted in other populations, with different definitions of adult onset 
asthma.  There are also biologically plausible mechanisms for many of the associations 
shown.  Experimental data exist that shows that specific sensitization to causative allergens 
has been demonstrated for many of the identified occupational exposures (especially for 
the HMW agents such as flour and enzymes).   
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Policy implications and further work:  
This study provided a unique opportunity to describe in full the burden of 
occupationally related asthma in the British population.  Occupations that have previously 
been identified as risk factors for asthma were observed to be associated with asthma.  This 
is the first study to show these associations in a British longitudinal cohort study from entry 
to the work force.  In addition some previously unidentified occupations were observed to 
be associated with adult onset asthma.  The exposures in these occupations are varied so no 
one intervention can be suggested.  However further work focusing on these occupational 
groups may identify a particular risky exposure related to these jobs.  
Using the ASJEM to define occupational exposures allowed the levels of risk posed 
by these exposures to be calculated in a UK population.  The specificity of the evidence from 
this study is not sufficient for particular workplace recommendations to be made in regards 
to the prevention of exposures.   It does however identify areas that would benefit from a 
review of existing workplace exposures and where targeted interventions may have the 
greatest effect.  One such is irritant exposures which are considered by the ASJEM to have a 
low risk for asthma.  These exposures were consistently associated with an increased risk of 
asthma and were common in this cohort; nearly 63% of the sample had been exposed to 
one of these low risk irritants by age 42.  Interventions in occupations with these exposures 
may lead to a greater overall reduction in asthma incidence than interventions in the rarer 
occupations traditionally considered to be a high asthma risk.  However as these exposure 
groups contain so many different occupations, further work would be required to identify 
what if any preventative measures could be taken. 
One of the most consistent associations observed was an increased risk of asthma 
for those working as cleaners or with cleaning exposures.  Despite the links between 
cleaning products and asthma being demonstrated in previous studies (Malo et al. 2009), 
most of the chemicals used by cleaners are labelled simply as irritants.  For the individuals 
who work with these chemicals (and those who employ them) to be aware of the risks of 
these cleaning chemicals and therefore to prevent exposure, the labelling should be 
reconsidered to indicate a potential risk of asthma.  This would arguably require a stronger 
level of evidence than can be provided by this study.  However our results do indicate that 
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further longitudinal work focusing specifically on cleaners and their exposures could identify 
specific asthma causing chemicals.          
The PARs calculated using this cohort were consistent with those shown in meta-
analyses of studies of occupational asthma elsewhere (Blanc 1999;Toren & Blanc 2009).  
Around 1 in 7 cases of adult onset asthma in UK seem to be due to occupations or 
occupational exposures.  This is a substantial proportion of asthma in the British population 
and confirms the need to prevent as many known occupational causes as possible.   
The duration of employment analysis shows that people with asthma leave risky 
occupations sooner than those without asthma but there was only limited evidence that this 
resulted in more unemployment and a greater number of jobs in men with asthma.  There 
was stronger evidence that women’s employment histories were disadvantaged by their 
asthma.  However the increased amount of time people with asthma spent unemployed was 
a little over two months on average, a very short time when considered over a potential 
working life of 26 years.  This is encouraging for people with asthma seeking work and is 
important information for employers in regards to employing people with asthma.   
This study has created a full employment history coded to ISCO-88 from entry to the 
workforce up to age 42 for members of the 1958 birth cohort.  This will be made available to 
other researchers using the cohort and has the potential to be used in other studies using 
many different outcomes.  The 1958 Birth Cohort is still ongoing and information collected 
at the most recent surveys could be added to the employment history already created.  The 
cohort has been genotyped and the data are held at St. George’s under Professor Strachan.  
These data could be used to identify genes most likely to be of interest for occupational 
asthma and work-related lung function decline in people with asthma.  In order for there to 
be enough power to identify genes collaborations with other investigators in this field could 
be investigated for the feasibility of pooling data.  
The expert evaluation step carried out on the ASJEM has produced changes to some 
of the exposure assignments that are specific to a UK population.  This should improve the 
quality of the ASJEM exposure assignment as well as reducing the time and effort needed by 
other researchers using the ASJEM in a UK population.   
  
350 Conclusions: 
The occupations and occupational exposures encountered by this cohort may be 
different to those experienced by more recent cohorts due to changes in the UK 
employment characteristics.  Therefore other data sources provided in the UK Data Archive 
could be examined to see if they have relevant information on asthma and occupation, in 
particular the 1970 Birth Cohort. This cohort includes UK individuals born in April 1970, 
about 11000 of whom were followed up at age 33 (Elliott 2006).  This is a more recent 
cohort and would allow for the identification of potential newer occupations and exposures.  
It is also more representative of the current ethnic diversity of the British population.  
However information on both asthma and occupation is more limited, and the process of 
recoding to ISCO-88 and applying the ASJEM would make this a lengthy process.   
Conclusions: 
The 1958 birth cohort is a useful resource for the study of occupation and asthma.  The 
findings of this study are the first of their kind in the UK and provide valuable lessons for 
those concerned with reducing the incidence of asthma in adult life. 
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Appendices 
Appendix 1: Expert re-evaluation  
Table 12.1: Additional ISCO codes in need of expert review 
ISCO-88 Occupation 
1236 Computing services department managers 
1314 General managers in wholesale and retail trade 
1316 General managers in transport, storage and communications 
2000 Unspecified researcher 
2144 Electronic and telecommunications engineers 
2212 Pharmacologists, pathologists and related professionals 
2222 Dentists 
2224 Pharmacists 
2310 College, university and higher education teaching professionals 
2320 Secondary education teaching professionals 
2330 Primary and pre-primary education teaching professionals 
2331 Primary education teaching professionals 
2332 Pre-primary education teaching professionals 
2340 Special education teaching professionals 
2351 Education methods specialists 
2352 School inspectors 
3111 Chemical and physical science technicians 
3113 Electrical engineering technicians 
3114 Electronics and telecommunications engineering technicians 
3223 Dieticians and nutritionists 
3224 Optometrists & opticians 
3225 Dental assistants 
3227 Veterinary assistants 
3228 Pharmaceutical assistants 
3310 Primary education teaching associate professionals 
3320 Pre-primary education teaching associate professionals 
3330 Special education teaching associate professionals 
3472 Radio, television and other announcers  
3473 Street, night-club and related musicians, singers and dancers 
5110 Travel attendants and related workers 
5122 Cooks 
5123 Waiters, waitresses and bartenders 
5131 Child-care workers 
5132 Institution-based personal care workers 
5133 Home-based personal care workers 
5141 Hairdressers, barbers, beauticians and related workers 
5162 Police officers 
5169 Protective services workers not elsewhere classified 
5220 Shop salespersons and demonstrators 
5230 Stall and market salespersons 
6113 Gardeners, horticultural and nursery growers 
6114 Mixed-crop growers 
6122 Poultry producers 
6129 Market-oriented animal producers and related workers not elsewhere classified 
6130 Market-oriented crop and animal producers 
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6151 Aquatic-life cultivation workers 
7122 Bricklayers and stonemasons 
7129 Building frame and related trades workers not elsewhere classified 
7132 Floor layers and tile setters 
7133 Plasterers 
7136 Plumbers and pipe fitters 
7137 Building and related electricians 
7142 Varnishers and related painters 
7212 Welders and flamecutters 
7214 Structural-metal preparers and erectors 
7223 Machine-tool setters and setter-operators 
7230 Machinery mechanics and fitters 
7233 Agricultural- or industrial-machinery mechanics and fitters 
7241 Electrical mechanics and fitters 
7244 Telegraph and telephone installers and servicers 
7245 Electrical line installers, repairers and cable jointers 
7344 Photographic and related workers 
7346 Silk-screen, block and textile printers 
7413 Dairy-products makers 
7415 Food and beverage tasters and graders 
7422 Cabinet makers and related workers 
7423 Woodworking machine setters and setter-operators 
7437 Upholsterers and related workers 
7441 Pelt dressers, tanners and fellmongers 
7442 Shoe-makers and related workers 
8141 Wood-processing-plant operators 
8142 Paper-pulp plant operators 
8151 Crushing-, grinding- and chemical-mixing machinery operators 
8155 Petroleum- and natural-gas-refining-plant operators 
8159 Chemical-processing-plant operators not elsewhere classified 
8211 Machine-tool operators 
8229 Chemical-products machine operators not elsewhere classified 
8231 Rubber-products machine operators 
8232 Plastic-products machine operators 
8240 Wood-products machine operators 
8253 Paper-products machine operators 
8261 Fibre-preparing-, spinning- and winding machine operators 
8261 Fibre-preparing-, spinning- and winding machine operators 
8264 Bleaching-, dyeing- and cleaning-machine operators 
8265 Fur and leather-preparing-machine operators 
8266 Shoemaking- and related machine operators 
8274 Baked-goods, cereal and chocolate-products machine operators 
8281 Mechanical-machinery assemblers 
8283 Electronic-equipment assemblers 
8285 Wood and related products assemblers 
8290 Other machine operators and assemblers 
8322 Car, taxi and van drivers 
8324 Heavy truck and lorry drivers 
8331 Motorised farm and forestry plant operators 
8332 Earth-moving- and related plant operators 
8334 Lifting-truck operators 
9133 Hand-launderers and pressers 
9142 Vehicle, window and related cleaners 
9152 Doorkeepers, watchpersons and related workers 
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9212 Forestry labourers 
9213 Fishery, hunting and trapping labourers 
9312 Construction and maintenance labourers: roads, dams and similar constructions 
9313 Building construction labourers 
9333 Freight handlers 
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Table 12.2 – Latex exposure: 
ISCO-88 code 
ASJEM Exposure Expert Judgement 
ASJEM 
Review 
2113 - Chemists No latex exposure All latex exposed except dispensing chemists Yes 
2221 – Doctors Only for surgeons 
All doctors except psychiatrists, public health doctors, 
psychologists latex exposed 
Yes 
2222 – Dentists 
3225 – Dental Assistants 
All latex exposed All latex exposed 
No 
No 
2223 – Veterinarians 
3227 – Veterinary Assistants 
All latex exposed All latex exposed 
Yes 
No 
2224 - Pharmacists No latex exposure Latex exposed if a hospital pharmacist No 
2230 – Nursing/Midwives 
3231 – Nursing Associate Professionals 
All latex exposed except they are not based in a 
hospital (i.e. public health nurse/district nurse) 
Not exposed to latex= Admin/research nurses, psychiatric 
nurses unless they do injections, family planning, junior 
matron, teaching nurses, optical nurses 
Yes 
Yes 
2300 - Teachers Dependant on vocation taught 
Nursing teachers no latex, Science/chemistry/biology 
teachers have latex exposure 
Yes 
3110 - Physical and engineering science 
technicians 
Recode to more specific code if possible All who mention laboratory work given latex exposure Yes 
3133 – Medical Equipment Operators No latex exposure All latex exposed except manager Yes 
3211 – Life Science Technicians No latex exposure All laboratory workers given latex exposure Yes 
3221 – Medical Assistants 
Latex if there is clear evidence that the person 
works in personal nursing care/operating 
room/dental practice/geriatric care facility. 
All latex exposed Yes 
3229 – Modern Health Associate 
Professionals NEC 
Latex if there is clear evidence that the person 
works in personal nursing care/operating 
room/dental practice/geriatric care facility. 
Latex exposed only if a speech therapist Yes 
5121 - Housekeepers and related workers 
Latex if personal care aide in geriatric or other 
extended care facility. 
Rule left as is. Yes 
5122 -Cooks No latex exposure No latex exposure No 
5132 - Institution based personal care 
worker 
All latex exposed All latex exposed No 
5133 - Home based personal care 
workers 
No latex exposure, Uncertain exposures 
All latex exposed except home help, support worker, 
residential child care officer 
No 
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Table 12.3 – Electrical and Electronic Workers  
ISCO-88 code 
ASJEM Exposure Expert Judgement 
ASJEM 
Review 
2143 – Electrical 
engineers 
No Exposure No Exposure No 
2144 – Electronic and 
telecommunications 
engineers 
No Exposure 
No Exposure unless soldering/circuit 
boards mentioned then LMW highly 
reactive chemicals 
No 
3113 – Electrical 
engineering technician 
Low antigen No Exposure No 
3114 – Electronics and 
telecommunications 
engineering technicians 
Low antigen 
No Exposure unless soldering/circuit 
boards mentioned then LMW highly 
reactive chemicals 
No 
7137 – Building and 
related electrician 
Possible exposure 
to irritants, gasses 
or fumes 
Possible exposure to irritants, gasses 
or fumes 
No 
7241 - Electrical 
mechanics and fitters    
No Exposure 
No Exposure unless soldering/circuit 
boards mentioned then LMW highly 
reactive chemicals 
No 
7242 - Electronics fitters Low antigen LMW highly reactive chemicals Yes 
7243 - Electronics 
mechanics and servicers 
No Exposure LMW highly reactive chemicals Yes 
7244 - Telegraph and 
telephone installers and 
servicers 
No Exposure 
No Exposure unless soldering/circuit 
boards mentioned then LMW highly 
reactive chemicals 
No 
7245 - Electrical line 
installers, repairers and 
cable jointers 
No Exposure 
No Exposure unless soldering/circuit 
boards mentioned then LMW highly 
reactive chemicals 
No 
8282 - Electrical-
equipment assemblers 
LMW highly reactive 
chemicals 
No Exposure unless soldering/circuit 
boards mentioned then LMW highly 
reactive chemicals 
Yes 
8286 - Electronic-
equipment assemblers 
LMW highly reactive 
chemicals 
LMW highly reactive chemicals No 
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Table 12.4 – All other expert judgements 
ISCO-88 code/exposure group 
ASJEM 
Exposure 
Expert Judgement 
ASJEM 
Review 
Laboratory workers 
(Includes a wide range of codes 
including lab technicians – 3110 and 
any job that states they do 
laboratory work) 
No specific 
exposure for 
this group 
given by the 
JEM 
All people that work in a laboratory are 
exposed to HMW latex, Possible exposure 
to irritants gasses or fumes and Low 
antigens: May be exposed to "asthmagens" 
but low probability of enough exposure for 
OA. 
N/A 
Science Teachers (Includes Teaching 
professionals -  2300 and Teaching 
associate professionals – 3300) 
If vocational or 
practical 
teacher / 
coach (NOT a 
classroom)  
recode to the 
profession or 
job being 
taught 
All science and chemistry teachers and 
teaching assistants are exposed to “HMW 
latex antigens”, “Possible exposure to 
irritants gasses or fumes” and “Low 
antigens: May be exposed to "asthmagens" 
but low probability of enough exposure for 
OA”.   
Biology teachers are exposed to “HMW 
latex antigens” and “Low antigens: May be 
exposed to "asthmagens" but low 
probability of enough exposure for OA”. 
Yes 
Site Managers  
(Includes Managers - 1300, Civil 
engineers - 2142, Civil engineering 
technicians - 3112) 
2142, 3112 = 
Low Antigen 
Exposure 
 
No Exposure No 
Environmental Tobacco Smoke (ETS) 
(Includes 5123 - Waiters, waitresses 
and bartenders and other hospitality 
workers) 
Only 5123 
exposed to ETS 
ETS is considered by the JEM to be a risk 
factor for 5123 – Waiters, waitresses and 
bartenders.  This was expanded by the 
experts to include 5110 – Travel attendants, 
Other hospitality worker codes given ETS 
are: 5220 – Bingo hall workers 
3473 - Street, night-club and related 
musicians, singers and dancers 
1300 - General managers of restaurants and 
hotels 
No 
Forecourt Attendants 
(Includes 5220 - 5220 – Shop 
salespeople and demonstrators) 
No exposure 
All workers who sell petrol or work on a 
forecourt are given Combustion 
particles/fumes: vehicle / motor exhaust 
exposure.  This mainly applies to 5220 – 
Shop salespeople and demonstrators. 
No 
Pharmaceutical Workers 
(2212-Pharmacologists, 2221 -
Doctors, 2222 - Dentists, 2223 -
Veterinarians, 2224 - Pharmacists, 
2230 - Nursing and Midwifery 
Professionals, 3231 - Nursing 
Associate professionals, 3228 – 
Pharmaceutical Assistants, 5132 - 
Institution based personal care 
worker, 5133 - Home based personal 
care workers,8221 – Pharmaceutical 
& toiletry-products machine 
operators) 
2224, 3228, 
8221 = All 
HMW 
pharmaceutical 
product 
antigens 
2230, 3231 = 
only if 
oncology or 
geriatric 
nursing 
The experts felt that no codes had exposure 
to HMW pharmaceutical product antigens 
except 8221 - Pharmaceutical and toiletry 
products machine operators. 
 
Yes 
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Appendix 2: Rules for cleaning the employment histories: 
Missing end dates: 
 
 Missing end dates - replaced with the next “doing” start date if the doing and the 
start date were not missing. (n=1380 changes) 
 Ten missing end dates remaining - five of these could be corrected on an individual 
basis. (n=5 changes)  
 This left five un-correctable missing end dates 
Missing start dates: 
 Missing start dates – If the start date was missing and the end date was given as "still 
do" it was impossible to know what order the activity should be in.  In order to give 
the activity some information the "still do" end date was replaced with the sweep 5 
interview date. (n=79 changes) 
 The data were then sorted by the end date to put those with start dates missing into 
the correct chronological order.  Then if the start date was missing and the activity 
was the same as the activity before or after it, it was assumed that the job was a 
duplicate and it was dropped. (n=50 dropped) 
 Still sorted by the end date the start date was replaced by the previous end date if 
the start date was missing. (n=71 changes) 
 This left 15 missing un-correctable start dates; 10 of these could be corrected on an 
individual basis leaving five missing start dates. (n=10 changes) 
 Some start dates were clearly wrong, therefore all start dates for the first activity 
that occurred before 1st Jan 1970 were replaced with the date of leaving school. 
(n=45 changed) 
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Duplicates: 
 The first duplicates to be identified were those with identical start and end dates as 
well as an identical activity to next activity. (n=35 dropped) 
 If the doing and the start date were the same as the next and the end date was "still 
doing". (n=1134 dropped) 
 Where two consecutive activities had the same “doing” and the same start date year 
and the end date of the sweep 5 activity was "still doing" they were amalgamated 
into one job.  The start date was taken from the earlier (sweep 5) activity and the 
end date from the later (sweep 6) job.  (n=398 changed and 399 dropped) 
 Where two consecutive activities had the same “doing” and the same start date 
month and the end date of the sweep 5 activity was "still doing" they are 
amalgamated into one job.  The start date was taken from the earlier (sweep 5) 
activity and the end date from the later (sweep 6) job.  (n=214 changes, 221 
dropped).  A few people’s job histories did not quite fit this rule so in four cases had 
to be corrected on an individual basis.  Four other peoples histories could not be 
corrected and were flagged up in a separate variable.   
 If a sweep 6 “doing” was before a sweep 5 “doing” and the “doing”, the year of the 
start date and year of the end date were equal to the next it was dropped. (n=23 
dropped) 
 If a sweep 6 doing was before a sweep 5 “doing” and the “doing” and end date 
matched the next or previous, the sweep 5 (the closest interview to the date) data 
was kept and sweep 6 job dropped. (n=12 dropped) 
 After the previous corrections if the doing and start date equalled the next activity 
and the enddate was "still doing" they are dropped (n=20 dropped) 
 After the previous corrections if the end date and the “doing” equalled the next 
activity and the activity was from sweep 6 it was dropped (n=6 dropped)  
 After all the previous corrections if a sweep 6 activity was before a sweep 5 activity 
and the “doing”, start and end date matched the next job it was dropped (n=52 
dropped) 
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 After all the previous corrections if a sweep 6 “doing” was before a sweep 5 “doing” 
and the “doing” and year of start date matched the next start date the sweep data 
was kept with the end date from the sweep 6 data. (n=389 changed, 389 dropped) 
 If the most recent activity was a sweep 5 activity, end date was "still doing" and 
there was an overlapping sweep 6 activity the end date was replaced with the most 
recent end date from the preceding overlapping sweep 6 activity if the “doings” 
matched. (n=424 changed) 
 If a sweep 6 “doing” was overlapping and its “doing” was the same as the most 
recent “doing” and end date equal to the most recent end date it was dropped. 
(n=359 dropped) 
 If the start dates were identical and the “doings” were in the same ISCO-88 minor 
job groupings and the “doings” corresponded to overlapping time periods the 
“doing” and start date from sweep 5 was used with the end date being taken from 
sweep 6.  (n=76 changes, 76 dropped)  
 If the end dates were identical and the “doings” were in the same ISCO-88 minor job 
groupings and the “doings” corresponded to overlapping time periods the sweep 5 
data was kept and the sweep 6 data dropped.  (n=7 dropped)  
 If a sweep 6 activity was overlapping and its “doing” was equal to the most recent 
sweep 5 “doing” it was dropped.  If the sweep 5 end date was "still doing", it was 
replaced with the end date from the sweep 6 job dropped. (n=690 changes, 742 
dropped)  
 After previous corrections if the “doing” was equal to the next or previous “doing” 
and it was at a point where the sweeps overlapped, the start date from sweep 5 is 
used and the end date was from sweep 6 with the duplicates being dropped. (n=641 
changes, 641 dropped) 
 The data was then resorted by the end date; those with the same start date and 
“doing” were dropped (n=74) 
 The data were then resorted by the end date, those with the same end date year 
and the “doing” in the same ISCO-88 minor job groupings were dropped (n=4) 
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Correcting end dates with "still doings" and overlapping sweep 6 activities: 
 Where the activity history was in order with no overlapping jobs (no sweep 6 jobs 
before sweep 5 jobs) and all identifiable duplicate jobs had been dropped, the end 
date "still doing" was replaced with the start date of the next job.  This was not done 
if the start date of the next activity was earlier than the sweep 5 interview date. 
(n=30 changed) 
 This left 5370 activities with "still doing" as the end date; some of these were clearly 
duplicate jobs but the “doing” variables were different leading to uncertainty.  
Therefore the end date "still do's" were replaced with the sweep 5 interview date as 
the cut off point; if this date was missing the 1st of Jan 1991 was used. (n= 5362 
changes) 
 The remaining sweep 6 activities that overlapped with the "still doing" end dates had 
their start dates replaced with the sweep 5 interview date; if this date was missing 
the 1st of Jan 1991 was used. This potentially created two activities where in fact 
there was only one. (n= 4539 changes) 
 
Final Duplicate check after all previous corrections: 
 A further 293 duplicates were identified and dropped  
 243 changes to dates were corrected on an individual basis 
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Appendix 3:  Occupational groups – ages 16 to 33 
Compressing occupational codes - Current occupation at 33: 
For statistical analysis using the Simes procedure the minimum number of cases of 
asthma for each group should be at least five. The first defined group is the reference group; 
this is identified using the ECRHS group 1 which includes everyone that is currently working 
in an admin/unexposed job with a few exceptions based on the SK JEM and the expert 
judgements; these are codes: 
 
1315 – General Managers in restaurants and hotels 
2221 – Medical doctors 
2224 – Pharmacists 
3133 – Medical equipment operators 
3211 – Life Science technicians 
3473 – Street, night-club and related musicians, singers and dancers 
5123 - Waiters, waitresses and bartenders 
 
These codes were removed from the reference group and included for analyses with 
the other occupational codes. The numbers in the remaining codes were then considered 
and those occupational codes with less than five cases were merged into minor groups 
within the ISCO-88 framework.  This was done with reference to the type of industry 
involved and the potential exposures within each job code.  In some cases where the 
industries were very similar occupations from the same or different major groups were 
merged.  This was done after childhood asthma had been dropped.  The table below shows 
the original codes and numbers available, those which were merged with other codes are 
given a new identifying name and ISCO-88 code and the numbers in each group are shown.  
After the codes have been collapsed those that have fewer than five cases are put into a 
separate group labelled "1000".   
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Table 12.5: Current occupation at age 33 – compressed occupational groups 
Original Occupation ISCO 
code 
n n 
case 
New group New 
code 
New 
n 
New 
n 
case 
Out-
come 
Unemployed 1 314 21 - - - - Kept 
Housework/childcare 4 780 42 - - - - Kept 
Sick/disabled 5 71 7 - - - - Kept 
Government Scheme 2 33 2 Other not 
employment 
 
2 
 
137 7 Kept 
 Full-time education 3 58 3 
Other  6 39 2 
Army 110 20 1 - - - - 1000 
General managers of restaurants & hotels 1315 57 2 - - - - 1000 
Medical Doctors 2221 32 3 Health 
Professional
s (except 
nursing) 
2220 89 6 Kept 
Dentists 2222 4 1 
Veterinarians 2223 2 0 
Pharmacists 2224 6 1 
Medical Assistants 3221 2 0 
Dental assistants 3225 9 0 
Physiotherapists & related associate 
professionals 
3226 4 0 
Veterinary Assistants 3227 5 0 
Pharmaceutical Assistants 3228 6 1 
Modern Health Associate professionals (NEC) 3229 13 0 
Sculptors, painters and related artists 2452 7 0 - - - - 1000 
Chemical and physical science technicians 3111 13 0 - - - - 1000 
Medical equipment operators  3133 6 1 - - - - 1000 
Life science technicians 3211 13 1 - - - - 1000 
Agronomy & forestry technicians 3212 1 0 - - - - 1000 
Street, night-club and related musicians, singers 
and dancers 
3473 1 0 - - - - 1000 
Nursing & Midwifery Professionals 2230 187 9 Nursing & 
Midwifery 
Professional
s 
2230 238 12 Kept 
Nursing Associate Professional 3231 39 3 
Office/clerical workers 4000 3,358 173 - - - - Kept 
Cooks 5122 79 6 - - - - Kept 
Waiters, waitresses & bartenders 5123 112 8 - - - - Kept 
Institution based personal care workers 5132 14 1 Personal 
care workers 
5130 105 9 Kept 
Home-based personal care workers 5133 82 8 
Hairdressers, barbers, beauticians & related 
workers 
5141 45 5 - - - - Kept 
Undertakers & embalmers 5143 1 0 - - - - 1000 
Police officials 5161 17 0 Protective 
services 
5160 50 1 1000 
Protective services workers NEC 5169 32 1 
Tree & shrub crop growers 6112 2 0 Mixed 
farmers 
6130 94 2 1000 
Gardeners, horticultural and nursery growers 6113 25 1 
Dairy & livestock producers 6121 12 0 
Poultry producers 6122 1 0 
Market-oriented animal producers & related 
workers NEC 
6129 7 0 
Unspecified farmers 6130 27 1 
Forestry workers & loggers 6141 3 0 
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Farm-hands & labourers 9211 14 0 
Forestry labourers 9212 1 0 
Inland & coastal waters fishery workers 6152 4 0 Fisheries 
Workers 
6150 8 0 1000 
Deep-sea fishery workers 6153 2 0 
Fishery, hunting & trapping labourers 9213 2 0 
Miners & quarry workers 7111 9 0 Mining 
workers 
7110 17 0 1000 
Stone splitters, cutters & carvers 7113 3 0 
Mining & quarrying labourers 9311 5 0 
Bricklayers & stonemasons 7122 22 0 Building 
workers 
excluding 
carpenters & 
Building 
frame 
workers 
7120 133 1 1000 
Concrete placers, concrete finishers & related 
workers 
7123 3 0 
Building frame & related trades workers NEC 7129 59 1 
Construction & maintenance labourers; roads, 
dams & similar constructions 
9312 19 0 
Building construction labourers 9313 29 0 
Carpenter & Joiners 7124 78 3 Wood 
workers 
 
7124 96 4 1000 
Handicraft workers in wood & related materials 7331 1 0 
Cabinet-makers & related workers 7422 6 1 
Wood-products machine operators 8240 7 0 
Roofers 7131 5 0 Building 
finishers 
7130 126 3 1000 
Floor layers & tile setters 7132 9 1 
Plasterers 7133 12 0 
Insulation workers 7134 7 0 
Glaziers 7135 7 1 
Plumbers & pipe fitters 7136 49 1 
Building & related electricians 7137 34 0 
Painters & related workers 7141 31 1 Painters, 
building 
structure 
cleaners & 
related  
7140 46 1 1000 
Varnishers & related painters 7142 13 0 
Building structure cleaners 7143 1 0 
Metal moulders & core makers 7211 2 0 Metal 
workers 
 
7210 159 8 Kept 
Welders & flame cutters 7212 27 2 
Sheet-metal workers 7213 12 1 
Structural-metal preparers & erectors 7214 11 0 
Blacksmiths, hammer-smiths & forging-press 
workers 
7221 1 0 
Tool-makers & related workers 7222 15 2 
Machine-tool setters & setter-operators 7223 35 0 
Metal wheel-grinders, polishers & tool 
sharpeners 
7224 1 0 
Ore & metal furnace operators 8121 5 2 
Metal melters, casters & rolling mill operators 8122 1 0 
Metal heat treating plant operators 8123 1 0 
Metal drawers & extruders 8124 5 0 
Machine-tool operators 8211 9 0 
Unspecified machinists 8200 25 1 
Riggers & cable splicers 7215 2 0 - - - - 1000 
Unspecified mechanics 7230 27 1 Machinery 
mechanics & 
fitters 
7230 167 4 1000 
Motor vehicle mechanics & fitters 7231 62 1 
Aircraft engine mechanics & fitters 7232 7 0 
Agricultural or industrial machinery mechanics 
& fitters 
7233 67 2 
Electrical mechanics & fitters 7241 39 1 Electrical & 
electronic 
7240 114 4 1000 
Electronics fitters 7242 14 0 
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Electronics mechanics & servicers 7243 16 0 equipment 
mechanics & 
fitters, 
electronic 
assembly 
Telegraph & telephone installers & servicers 7244 26 2 
Electrical line installers, repairers & cable 
jointers 
7245 9 0 
Electronic-equipment assemblers 8283 6 1 
Precision – instrument makers & repairers 7311 11 0 Precision 
workers in 
metal & 
related 
materials 
7310 18 0 1000 
Musical – instrument makers & tuners 7312 2 0 
Jewellery & precious-metal workers 7313 5 0 
Abrasive wheel formers, potters & related 
workers 
7321 2 0 Potters, 
glass and 
ceramic 
workers 
7320 16 1 1000 
Glass-makers, cutters, grinders & finishers 7322 4 0 
Glass, ceramics & related decorative painters 7324 1 1 
Glass & ceramics kiln & related machine 
operators 
8131 5 0 
Glass & ceramics & related plant operators NEC 8139 3 0 
Compositors, typesetters & related workers 7341 16 1 Printing 
workers 
7340 45 2 1000 
Stereotypers & electrotypers 7342 1 0 
Printing engravers & related workers 7343 2 0 
Photographic & related workers 7344 5 0 
Bookbinders & related workers 7345 4 0 
Silk-screen, block & textile printers 7346 1 0 
Printing machine operators 8251 14 1 
Paper-pulp plant operators 8142 1 0 Paper 
workers 
8140 11 0 1000 
Papermaking plant operators 8143 1 0 
Paper-products machine operators 8253 9 0 
Butchers, fishmongers & related food prepares  7411 16 1 Food 
workers 
(including 
bakers) 
7410 62 2 1000 
Bakers, pastry-cooks & confectionery makers 7412 15 0 
Food & beverage tasters & graders 7415 2 0 
Unspecified food processor 8270 3 0 
Meat & fish processing-machine operators 8271 5 0 
Dairy products machine operators 8272 4 0 
Baked-goods, cereal & chocolate products 
machine operators 
8274 7 1 
Fruit, vegetable & nut processing machine 
operators 
8275 5 0 
Brewers, wine & other beverage machine 
operators 
8278 2 0 
Tobacco production machine operators 8279 1 0 
Textile, leather & related pattern-makers & 
cutters 
7435 3 0 Textile 
workers 
7430 63 2 1000 
Sewers, embroiderers & related workers 7436 3 1 
Upholsterers & related workers 7437 12 0 
Shoe-makers & related workers 7442 8 0 
Fibre-preparing, spinning & winding machine 
operators 
8261 7 0 
Weaving & knitting machine operators 8262 3 0 
Sewing machine operators 8263 19 1 
Bleaching, dyeing & cleaning machine operators 8264 2 0 
Fur & leather preparing machine operators 8265 1 0 
Textile, fur & leather products machine 
operators NEC 
8269 3 0 
Pharmaceutical & toiletry products machine 
operators 
8221 2 0 Chemical 
products 
workers & 
8220 24 1 1000 
Metal finishing, plating & coating machine 8223 4 0 
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This left a total of 7566 people with four unemployment codes and ten occupational codes 
at age 33. 
  
operators chemical 
processing Photographic products machine operators 8224 1 0 
Chemical products machine operators NEC 8229 2 1 
Chemical processing plant operators NEC 8159 14 0 
Power-production plant operators 8161 2 0 - - - 1 1000 
Rubber-products machine operators 8231 3 1 Rubber & 
plastic 
workers 
8230 16 1 1000 
Plastic-products machine operators 8232 5 0 
Metal, rubber & plastic products assemblers 8284 7 0 
Automated assembly line operators 8171 2 0 Manu-
facturing & 
assembling 
workers 
8280 80 2 1000 
Mechanical machinery assemblers 8281 11 0 
Electrical equipment assemblers 8282 5 0 
Paperboard, textile & related products 
assemblers 
8286 2 1 
Other machine operators & assemblers 8290 20 0 
Manufacturing labourers 9320 19 1 
Hand packers & other manufacturing labourers 9322 19 0 
Locomotive-engine drivers 8311 7 0 Drivers & 
mobile plant 
operators 
8300 195 4 1000 
Motor-cycle drivers 8321 3 0 
Car, taxi & van drivers 8322 57 4 
Bus & tram drivers 8323 15 0 
Heavy truck & lorry drivers 8324 63 0 
Motorised farm & forestry plant operators 8331 2 0 
Earth-moving & related plant operators 8332 19 0 
Crane, hoist & related plant operators 8333 7 0 
Lifting-truck operators 8334 18 0 
Ship's deck crews & related workers 8340 2 0 - - - - 1000 
Unspecified cleaners 9130 39 2 Cleaning 
workers 
9130 190 6 Kept 
Domestic helpers & cleaners 9131 25 0 
Helpers, cleaners in offices, hotels & other 
establishments 
9132 95 2 
Hand launderers & pressers 9133 5 1 
Building caretakers 9141 6 0 
Vehicle, window & related cleaners 9142 14 1 
Messengers, package & luggage porters 9151 11 2 Messengers, 
porters & 
related 
9150 28 4 1000 
Doorkeepers, watchpersons & related workers 9152 10 2 
Vending machine money collectors, meter 
readers & related workers 
9153 3 0 
Sweepers & related labours 9162 4 0 - - - - 1000 
Unspecified labourers 9300 11 0 Other 
labourers 
9300 38 1 1000 
Freight handlers 9333 26 1 
Uncodeable 9999 46 0 - - - - 1000 
All codes with too few people 1000 1445 42 - - - - - 
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Table 12.6: “Ever” occupation by age 33 – compressed occupational groups 
Original Occupation ISCO 
code 
n n 
cases 
New 
Occupational 
groups 
New 
code 
New 
n 
New 
n 
cases 
Out-
come 
Army 110 163 5 - - - - Kept 
General managers of restaurants & hotels 1315 172 9 - - - - Kept 
Medical Doctors 2221 41 4 Health 
Professionals 
(except 
nursing) 
2220 71 6 Kept 
Dentists 2222 6 1 
Veterinarians 2223 4 0 
Pharmacists 2224 15 1 
Sculptors, painters and related artists 2452 29 1 - - -  1000 
Chemical and physical science technicians 3111 51 1 - - -  1000 
Medical equipment operators 3133 15 1 - - -  1000 
Life science technicians 3211 31 1 - - -  1000 
Agronomy & forestry technicians 3212 3 0 - - -  1000 
Medical Assistants 3221 5 1 Modern 
Health 
Associate 
Professionals 
(except 
nursing) 
3220 127 8 Kept 
Dental assistants 3225 48 5 
Physiotherapists & related associate 
professionals 
3226 5 0 
Veterinary Assistants 3227 16 1 
Pharmaceutical Assistants 3228 27 1 
Modern Health Associate professionals (NEC) 3229 27 0 
Nursing & Midwifery Professionals 2230 381 21 Nursing & 
Midwifery 
Professionals 
- -  Kept 
Nursing Associate Professional 3231 161 10 Nursing 
associate 
professionals 
- -  Kept 
Cooks 5122 293 16 - - -  Kept 
Waiters, waitresses & bartenders 5123 672 46 - - -  Kept 
Institution based personal care workers 5132 39 1 Personal care 
workers 
5130 242 16 Kept 
Home-based personal care workers 5133 223 15 
Hairdressers, barbers, beauticians & related 
workers 
5141 203 18 - - - - Kept 
Undertakers & embalmers 5143 2 0 - - - - 1000 
Police officials 5161 25 0 Protective 
services 
5160 121 5 Kept 
Protective services workers NEC 5169 97 5 
Field crop and vegetable growers 6111 16 0 Market 
Gardeners 
And Crop 
Growers 
6110 150 5 Kept 
Tree & shrub crop growers 6112 13 1 
Gardeners, horticultural and nursery growers 6113 130 4 
Dairy & livestock producers 6121 39 0 Market-
Oriented 
Animal 
Producers And 
Related 
Workers 
6120 104 3 1000 
Poultry producers 6122 14 0 
Apiarists and sericulturists 6123 1 0 
Market-oriented animal producers & related 
workers NEC 
6129 54 3 
Market-oriented crop and animal producers 6130 43 3 Market-
oriented crop 
and animal 
producers/lab
ourers 
6130 129 6 Kept 
Farm-hands & labourers 9211 95 3 
Forestry workers & loggers 6141 13 0 Forestry 
Workers 
6140 17 0 1000 
Forestry labourers 9212 4 0 
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Inland & coastal waters fishery workers 6152 10 0 Fisheries 
Workers 
6150 24 0 1000 
Deep-sea fishery workers 6153 8 0 
Fishery, hunting & trapping labourers 9213 6 0 
Miners & quarry workers 7111 51 0 Mining 
workers 
7110 74 0 1000 
Stone splitters, cutters & carvers 7113 7 0 
Mining & quarrying labourers 9311 18 0 
Bricklayers & stonemasons 7122 73 3 Building 
workers 
excluding 
carpenters & 
Building frame 
workers 
7120 90 3 1000 
Concrete placers, concrete finishers & related 
workers 
7123 18 0 
Carpenter & Joiners 7124 154 7 Wood workers 
 
7124 226 12 Kept 
Handicraft workers in wood & related materials 7331 2 0 
Cabinet-makers & related workers 7422 47 3 
Woodworking machine setters and setter-
operators 
7423 1 0 
Wood-processing-plant operators 8141 3 0 
Wood-products machine operators 8240 32 2 
Building frame & related trades workers NEC 7129 124 5 - - - - Kept 
Roofers 7131 25 0 Building 
finishers 
excluding 
plumbers & 
electricians 
7130 121 2 1000 
Floor layers & tile setters 7132 27 1 
Plasterers 7133 29 0 
Insulation workers 7134 23 0 
Glaziers 7135 20 1 
Plumbers & pipe fitters 7136 111 2 - - - - 1000 
Building & related electricians 7137 108 3 - - - - 1000 
Painters & related workers 7141 97 4 Painters, 
building 
structure 
cleaners & 
related trades  
7140 154 6 Kept 
Varnishers & related painters 7142 59 2 
Building structure cleaners 7143 3 0 
Metal moulders & core makers 7211 20 0 Metal 
moulders & 
sheet metal 
workers 
 
 
7210 98 1 1000 
Sheet-metal workers 7213 48 1 
Structural-metal preparers & erectors 7214 35 0 
Welders & flame cutters 7212 107 2 - - - - 1000 
Riggers & cable splicers 7215 6 0 - - -  1000 
Underwater workers 7216 1 0 - - -  1000 
Blacksmiths, hammer-smiths & forging-press 
workers 
7221 4 0 Blacksmith, 
tool-makers & 
metal 
workers/mach
ine operators 
7220 130 9 Kept 
Tool-makers & related workers 7222 42 3 
Metal wheel-grinders, polishers & tool 
sharpeners 
7224 9 1 
Ore & metal furnace operators 8121 27 2 
Metal melters, casters & rolling mill operators 8122 12 0 
Metal heat treating plant operators 8123 2 0 
Metal drawers & extruders 8124 15 0 
Ammunition- and explosive-products machine 
operators 
8222 6 1 
Metal finishing, plating & coating machine 
operators 
8223 16 2 
Machine-tool setters & setter-operators 7223 84 1 Machine tool 
workers 
7223 149 2 1000 
Machine-tool operators 8211 68 1 
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Unspecified mechanics 7230 173 6 Machinery 
mechanics & 
fitters 
7230 195 8 Kept 
Aircraft engine mechanics & fitters 7232 24 2 
Motor vehicle mechanics & fitters 7231 193 5 - - - - Kept 
Agricultural or industrial machinery mechanics 
& fitters 
7233 176 4 - - - - 1000 
Electrical mechanics & fitters 7241 85 2 - - -  1000 
Electronics fitters 7242 51 2 Electrical & 
electronic 
equipment 
mechanics & 
fitters, 
electronic 
assembly 
7240 202 6 Kept 
Electronics mechanics & servicers 7243 49 0 
Telegraph & telephone installers & servicers 7244 60 2 
Electrical line installers, repairers & cable 
jointers 
7245 17 0 
Electronic-equipment assemblers 8283 45 3 
Precision – instrument makers & repairers 7311 23 0 Precision 
workers in 
metal & 
related 
materials 
7310 43 0 1000 
Musical – instrument makers & tuners 7312 5 0 
Jewellery & precious-metal workers 7313 16 0 
Abrasive wheel formers, potters & related 
workers 
7321 15 1 Potters, glass 
and ceramic 
workers 
7320 66 6 Kept 
Glass-makers, cutters, grinders & finishers 7322 12 1 
Glass, ceramics & related decorative painters 7324 14 4 
Glass & ceramics kiln & related machine 
operators 
8131 20 1 
Glass & ceramics & related plant operators NEC 8139 7 0 
Compositors, typesetters & related workers 7341 64 6 Printing 
workers 
7340 140 9 Kept 
Stereotypers & electrotypers 7342 1 0 
Printing engravers & related workers 7343 3 0 
Photographic & related workers 7344 18 1 
Bookbinders & related workers 7345 18 0 
Silk-screen, block & textile printers 7346 9 0 
Printing machine operators 8251 38 2 
Butchers, fishmongers & related food prepares 7411 77 5 Food 
processing 
workers 
(excluding 
bakers) 
7410 87 5 Kept 
Dairy-products makers 7413 2 0 
Food & beverage tasters & graders 7415 8 0 
Bakers, pastry-cooks & confectionery makers 7412 84 2 Bakery 
workers 
7412 164 6 Kept 
Baked-goods, cereal & chocolate products 
machine operators 
8274 55 5 
Fibre preparers 7432 5 1 Textile 
workers 
7430 295 14 Kept 
Tailors, dressmakers & hatters 7433 13 0 
Textile, leather & related pattern-makers & 
cutters 
7435 18 1 
Sewers, embroiderers & related workers 7436 20 1 
Upholsterers & related workers 7437 24 0 
Fibre-preparing, spinning & winding machine 
operators 
8261 37 0 
Weaving & knitting machine operators 8262 32 2 
Sewing machine operators 8263 139 6 
Bleaching, dyeing & cleaning machine operators 8264 14 1 
Textile, fur & leather products machine 
operators NEC 
8269 24 3 
Pelt dressers, tanners and fellmongers 7441 4 0 Leather, fur & 
shoe workers 
7440 45 1 1000 
Shoe-makers & related workers 7442 23 1 
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Fur & leather preparing machine operators 8265 11 0 
Shoemaking- and related machine operators 8266 8 0 
Paper-pulp plant operators 8142 1 0 Paper workers 8140 45 0 1000 
Papermaking plant operators 8143 8 0 
Paper-products machine operators 8253 36 0 
Unspecified machinists 8200 217 10 - - - - Kept 
Unspecified food processor 8270 27 3 Food workers 
(excluding 
bakers) 
8270 132 8 Kept 
Meat & fish processing-machine operators 8271 50 2 
Dairy products machine operators 8272 17 0 
Fruit, vegetable & nut processing machine 
operators 
8275 30 2 
Brewers, wine & other beverage machine 
operators 
8278 7 1 
Tobacco production machine operators 8279 8 1 
Crushing-, grinding- and chemical-mixing 
machinery operators 
8151 1 0 Chemical 
products 
workers & 
chemical 
processing 
8220 31 2 1000 
Chemical processing plant operators NEC 8159 21 1 
Chemical products machine operators NEC 8229 3 1 
Pharmaceutical & toiletry products machine 
operators 
8221 5 0 
Photographic products machine operators 8224 1 0 
Power-production plant operators 8161 2 0 - - - - 1000 
Rubber-products machine operators 8231 18 2 Rubber & 
plastic 
workers 
8230 105 4 1000 
Plastic-products machine operators 8232 45 2 
Metal, rubber & plastic products assemblers 8284 44 0 
Automated assembly line operators 8171 2 0 Manufacturin
g & 
assembling 
workers 
8280 131 7 Kept 
Mechanical machinery assemblers 8281 59 4 
Electrical equipment assemblers 8282 58 2 
Paperboard, textile & related products 
assemblers 
8286 14 1 
Other machine operators & assemblers 8290 129 4 - - - - 1000 
Locomotive-engine drivers 8311 8 0 Drivers – 
trains, buses 
& lorries 
 
8300 411 15 Kept 
Railway brakers, signallers & shunters 8312 6 0 
Motor-cycle drivers 8321 8 0 
Car, taxi & van drivers 8322 264 12 
Bus & tram drivers 8323 34 0 
Heavy truck & lorry drivers 8324 142 5 
Motorised farm & forestry plant operators 8331 14 0 Agricultural & 
other mobile 
plant 
operators 
8330 137 7 Kept 
Earth-moving & related plant operators 8332 39 1 
Crane, hoist & related plant operators 8333 25 1 
Lifting-truck operators 8334 68 5 
Ship's deck crews & related workers 8340 31 0 - - - - 1000 
Housekeepers & related workers 5121 37 1 Cleaning 
workers 
9130 337 20 Kept 
Unspecified cleaners 9130 130 9 
Domestic helpers & cleaners 9131 69 4 
Hand launderers & pressers 9133 41 4 
Building caretakers 9141 24 0 
Vehicle, window & related cleaners 9142 54 2 
Helpers, cleaners in offices, hotels & other 
establishments 
9132 424 24 - - - - Kept 
Messengers, package & luggage porters 9151 93 5 Messengers, 
porters & 
related 
9150 174 11 Kept 
Doorkeepers, watchpersons & related workers 9152 78 6 
Vending machine money collectors, meter 
readers & related workers 
9153 7 1 
Garbage collectors 9161 13 1 Garbage 9160 20 1 1000 
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Sweepers & related labours 9162 7 0 collectors & 
related 
workers 
Construction & maintenance labourers; roads, 
dams & similar constructions 
9312 70 3 Construction 
& 
maintenance 
labourers 
9310 261 7 Kept 
Building construction labourers 9313 215 6 
Unspecified labourers 9300 179 4 - - - - 1000 
Manufacturing labourers 9320 169 12 - - - - Kept 
Hand packers & other manufacturing labourers 9322 148 5 - - - - Kept 
Freight handlers 9333 145 4 - - -  1000 
Uncodeable 9999 226 6 - - - - Kept 
  
This left a total of 7566 people with six unemployment codes and 40 occupational codes at 
age 33. 
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Table 12.7: “Always” in same occupation by age 33 – compressed occupational groups 
Original Occupation ISCO 
code 
n n 
cases 
New 
Occupationa
l groups 
New 
code 
New 
n 
New 
n 
cases 
Out-
come 
Army 110 10 0 - - - - 1000 
General managers of restaurants & hotels 1315 6 0 - - -  1000 
Medical Doctors 2221 29 2 Modern 
Health 
Associate 
Professional 
3220 
 
145 
 
7 Kept 
 Dentists 2222 5 1 
Veterinarians 2223 2 0 
Pharmacists 2224 7 1 
Medical Assistants 3221 1 0 
Optometrists & Opticians 3225 7 0 
Physiotherapists & related associate professionals 3226 2 0 
Veterinary Assistants 3227 1 0 
Pharmaceutical Assistants 3228 1 0 
Modern Health Associate professionals (NEC) 3229 7 0 
Nursing & Midwifery Professionals 2230 81 3 
Nursing Associate Professional 3231 2 0 
Cooks 5122 25 1 - - -  1000 
Waiters, waitresses & bartenders 5123 10 1 - - -  1000 
Child-care workers 5131 8 0 - - -  1000 
Institution based personal care workers 5132 1 0 Personal 
care workers 
5130 7 1 1000 
Home-based personal care workers 5133 7 1 
Hairdressers, barbers, beauticians & related 
workers 
5141 42 4 - - - - 1000 
Protective services workers NEC 5169 2 0 - - - - 1000 
Gardeners, horticultural and nursery growers 6113 8 0 All farming 
workers and 
labourers 
6000 36 1 1000 
Dairy & livestock producers 6121 2 0 
Market-oriented animal producers & related 
workers NEC 
6129 1 0 
Market-oriented crop and animal producers 6130 18 1 
Farm-hands & labourers 9211 7 0 
Bricklayers & stonemasons 7122 18 0 Building 
workers 
excluding 
carpenters & 
Building 
frame 
workers 
 
7120 
 
29 
 
0 1000 
Building frame & related trades workers NEC 7129 8 0 
Construction & maintenance labourers; roads, 
dams & similar constructions 
9312 1 0 
Building construction labourers 9313 2 0 
Carpenter & Joiners 7124 52 2 Wood 
workers 
 
7120  58 2 1000 
Cabinet-makers & related workers 7422 3 0 
Wood-products machine operators 8240 3 0 
Roofers 7131 2 0 Building 
finishers  
 
7130 
 
64 
 
0 1000 
 Floor layers & tile setters 7132 2 0 
Plasterers 7133 4 0 
Insulation workers 7134 1 0 
Glaziers 7135 1 0 
Plumbers & pipe fitters 7136 30 0 
Building & related electricians 7137 24 0 
Painters & related workers 7141 17 1 Painters, 
building 
structure 
7140 21 1 1000 
Varnishers & related painters 7142 4 0 
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cleaners & 
related 
trades 
workers 
Metal moulders & core makers 7211 2 0 Metal 
moulders & 
sheet metal 
workers 
 
 
Always 
metal 
67 4 1000 
Welders & flame cutters 7212 12 1 
Sheet-metal workers 7213 7 1 
Structural-metal preparers & erectors 7214 5 0 
Tool-makers & related workers 7222 11 1 
Machine-tool setters & setter-operators 7223 9 0 
Ore & metal furnace operators 8121 3 0 
Metal drawers & extruders 8124 2 0 
Unspecified machinists 8200 16 1 
Unspecified mechanics 7230 17 1 Machinery 
mechanics & 
fitters 
 
7230 
 
54 1 1000 
Motor vehicle mechanics & fitters 7231 22 0 
Aircraft engine mechanics & fitters 7232 1 0 
Agricultural or industrial machinery mechanics & 
fitters 
7233 14 0 
Electrical mechanics & fitters 7241 5 0 Electrical & 
electronic 
equipment 
mechanics & 
fitters, 
electronic 
assembly 
Always 
electric 
22 1 1000 
Electronics fitters 7242 3 0 
Electronics mechanics & servicers 7243 4 0 
Telegraph & telephone installers & servicers 7244 8 1 
Electrical line installers, repairers & cable jointers 7245 1 0 
Electronic-equipment assemblers 8283 1 0 
Compositors, typesetters & related workers 7341 11 1 Printing 
workers 
Always 
print 
19 1 1000 
Stereotypers & electrotypers 7342 1 0 
Bookbinders & related workers 7345 3 0 
Printing machine operators 8251 4 0 
Butchers, fishmongers & related food prepares  7411 4 1 Food 
workers  
Always 
food 
16 2 1000 
Bakers, pastry-cooks & confectionery makers 7412 6 0 
Food & beverage tasters & graders 7415 1 0 
Baked-goods, cereal & chocolate products machine 
operators 
8274 2 0 
Fruit, vegetable & nut processing machine 
operators 
8275 2 0 
Tobacco production machine operators 8279 1 1 
Textile, leather & related pattern-makers & cutters 7435 2 0 All textile 
workers and 
labourers 
Always 
textiles 
39 1 1000 
Upholsterers & related workers 7437 6 0 
Fibre-preparing, spinning & winding machine 
operators 
8261 4 0 
Sewing machine operators 8263 21 1 
Rubber-products machine operators 8231 1 0 Rubber & 
plastic 
workers 
8230 3 0 1000 
Metal, rubber & plastic products assemblers 8284 2 0 
Electrical equipment assemblers 8282 1 0 Manufacturi
ng and 
assembling 
workers and 
labourers 
8280 29 1 1000 
Paperboard, textile & related products assemblers 8286 3 0 
Other machine operators & assemblers 8290 9 0 
Manufacturing labourers 9320 13 1 
Hand packers & other manufacturing labourers 9322 3 0 
Locomotive-engine drivers 8311 5 0 Drivers – 
trains, buses 
& lorries 
 
Always 
driver 
9 0 1000 
Car, taxi & van drivers 8322 3 0 
Heavy truck & lorry drivers 8324 1 0 
Lifting-truck operators 8334 2 0 
Unspecified cleaners 9130 6 0 Cleaning 
workers 
Always 
clean 
17 1 1000 
Helpers and cleaners in offices 9132 6 0 
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Hand launderers & pressers 9133 1 1 
Vehicle, window & related cleaners 9142 1 0 
Messengers, package & luggage porters 9151 5 1 Messengers, 
porters & 
related 
 
 
9150 
 
 
6 
 
 
1 1000 
 
 
Doorkeepers, watchpersons & related workers 9152 1 0 
Unspecified labourers 9300 6 1 - - - - 1000 
Freight handlers 9333 4 0 - - - - 1000 
Uncodeable 9999 22 0 - - - - 1000 
  
This left a total of 7566 people with only one occupational code at age 33. 
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Appendix 4: Occupations ages 16 to 42 
Table 12.8:  All associations between adult onset asthma and ‘ever’ working in an ISCO-88 
code by age 42 
ISCO-88 code 
Case/ 
total 
OR OR* 
OR 
** 
95% CI p-value 
p-
value# 
Reference group  170/2217 1.00 1.00 1.00 - -  
Armed forces 10/142 0.91 1.30 1.38 0.70-2.72 0.352 1 
1315 - General managers of restaurants and hotel 18/245 0.96 0.93 0.95 0.57-1.59 0.854 1 
2220 - Health professionals (except nursing) 8/78 1.38 1.53 1.54 0.72-3.30 0.262 1 
2221 - Doctors 5/51 1.31 1.52 1.49 0.58-3.86 0.412 1 
2230 - Nurses 37/412 1.19 1.05 1.10 0.75-1.60 0.634 1 
3220 - Preprimary education teaching associate 
professional 
15/166 1.20 1.09 1.03 0.59-1.81 0.918 1 
3225 - Dental assistants 7/47 2.11 1.81 1.67 0.72-3.84 0.230 1 
3232 - Nursing associate professionals 15/173 1.14 0.99 1.04 0.60-1.83 0.882 1 
5121 - Housekeepers and related workers 5/54 1.23 1.01 1.03 0.40-2.65 0.951 1 
5122 - Cooks 42/367 1.56 1.48 1.52 1.05-2.19 0.025 1 
5123 - Waiters, waitresses & bartenders 78/667 1.60 1.46 1.50 1.12-2.01 0.007 0.446 
5133 - Home-based personal care workers 60/404 2.10 1.86 1.94 1.40-2.69 <0.001 0.005 
5141 - Hairdressers, barbers, beauticians  32/218 2.07 1.75 1.88 1.24-2.85 0.003 0.184 
5169 - Protective services workers  14/130 1.45 1.84 1.90 1.05-3.43 0.034 1 
6110 - Market gardeners and crop growers 17/188 1.20 1.44 1.49 0.87-2.54 0.145 1 
6113 - Gardeners, horticultural & nursery growers 14/167 1.10 1.37 1.41 0.79-2.54 0.250 1 
6129 - Market-orientated animal producers & 
related workers 
8/60 1.85 1.71 1.58 0.73-3.42 0.250 1 
6130 - Market-oriented crop and animal 
producers 
10/57 2.56 3.85 4.26 2.06-8.80 <0.001 0.006 
7122 - Bricklayers & Stonemasons 5/76 0.85 1.32 1.32 0.52-3.37 0.562 1 
7124 - Carpenters 20/257 1.02 1.48 1.50 0.91-2.48 0.113 1 
7129 - Building frame & related trades workers 
not elsewhere classified 
11/168 0.84 1.26 1.34 0.70-2.57 0.382 1 
7136 - Plumbers 5/115 0.55 0.78 0.83 0.33-2.08 0.689 1 
7137 - Building and related electrician 7/119 0.75 1.16 1.20 0.54-2.65 0.659 1 
7141 - Painters and related workers 5/98 0.65 1.00 1.03 0.40-2.60 0.958 1 
7142 - Varnishers and Related Painters 5/62 1.06 1.36 1.47 0.57-3.79 0.426 1 
7212 - Welders & Flamecutters 8/110 0.94 1.40 1.46 0.69-3.11 0.324 1 
7230 - Machinery mechanics & fitters unspecified 11/185 0.76 1.18 1.24 0.65-2.36 0.520 1 
7231 - Motor vehicle mechanics & fitters 14/215 0.84 1.28 1.35 0.76-2.42 0.310 1 
7232 - Aircraft engine mechanics and fitters 5/30 2.41 3.67 3.81 
1.41-
10.31 
0.008 0.524 
7233 - Agricultural- or industrial-machinery 
mechanics and fitters 
16/209 1.00 1.51 1.62 0.93-2.81 0.089 1 
7324 - Glass, ceramics and related decorative 
painters 
4/17 3.71 4.07 3.84 
1.18-
12.43 
0.025 0.139 
7341 - Compositors, typesetters  10/60 2.41 2.94 3.04 1.49-6.18 0.002 1 
7411 - Butchers, fishmongers and related food 
preparers 
8/76 1.42 1.96 2.15 0.99-4.61 0.051 1 
7412 - Bakers, Pastry-Cooks and Confectionary 
Makers 
10/94 1.43 1.64 1.79 0.90-3.55 0.097 1 
7422 - Cabinet makers & related workers 6/56 1.45 2.18 2.22 0.92-5.35 0.075 1 
8200 -Unspecified machine operator 17/236 0.94 0.97 1.06 0.63-1.80 0.827 0.887 
8263 - Sewing-machine operators 19/133 2.01 1.76 1.93 1.14-3.26 0.014 1 
  
375 Appendices 
8271 - Meat & fish processing machine operators 5/55 1.20 1.28 1.38 0.53-3.54 0.509 1 
8274 - Baked-Goods, Cereal and Chocolate-
Products Machine Operators 
7/66 1.43 1.39 1.47 0.66-3.31 0.349 1 
8275 - Fruit, vegetable & nut processing machine 
operators 
5/39 1.77 1.64 1.62 0.61-4.31 0.334 1 
8281 - Mechanical-machinery assemblers 7/64 1.48 1.70 1.71 0.76-3.87 0.197 1 
8290 - Other machine operators & assemblers 14/141 1.33 1.34 1.40 0.78-2.51 0.266 1 
8322 - Car, taxi & van drivers 26/338 1.00 1.31 1.36 0.87-2.12 0.174 1 
8324 - Heavy-truck and lorry drivers 12/184 0.84 1.23 1.33 0.71-2.48 0.373 1 
8334 - Lifting-truck operators 7/84 1.10 1.70 1.72 0.77-3.86 0.190 1 
9113 - Door-to-door and telephone salespersons 8/117 0.88 0.98 1.02 0.49-2.15 0.954 1 
9130 - Cleaners unspecified  20/156 1.77 1.58 1.58 0.95-2.63 0.078 1 
9131 - Domestic helpers and cleaners 16/113 1.99 1.73 1.79 1.02-3.14 0.044 0.009 
9132 - Helpers and cleaners in offices, hotels  70/516 1.89 1.71 1.82 1.34-2.48 <0.001 1 
9133 - Hand-launderers and pressers 8/50 2.29 2.21 2.26 1.03-4.98 0.043 1 
9142 - Vehicle, window & related cleaners 5/59 1.12 1.50 1.50 0.58-3.86 0.400 1 
9151 - Messengers, package and luggage porters 
and deliverers 
12/103 1.59 1.96 2.06 1.09-3.90 0.026 0.203 
9152 - Doorkeepers, watchpersons  13/82 2.27 2.54 2.59 1.37-4.87 0.003 1 
9211 - Farm-hands & labourers 5/59 0.69 0.94 1.00 0.40-2.53 0.998 1 
9300 - Unspecified labourers 10/163 0.79 1.21 1.26 0.64-2.48 0.506 1 
9312 - Construction & maintenance labourers: 
Roads, dams  
6/77 1.02 1.58 1.71 0.72-4.07 0.228 1 
9313 - Building construction labourers 18/208 1.14 1.80 1.92 1.12-3.27 0.017 0.001 
9320 - Manufacturing labourers  30/198 2.15 2.39 2.55 1.66-3.93 <0.001 1 
9322 - Hand packers & other manufacturing 
labourers 
22/170 1.79 1.61 1.66 1.02-2.70 0.040 1 
9333 - Freight Handlers 12/143 1.10 1.63 1.69 0.90-3.17 0.103 1 
9999 – Uncodeable 17/198 1.13 1.38 1.44 0.85-2.45 0.179 1 
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